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Preface—Second Edition. 


A number of additions and changes have been made in this 
edition, for the purpose of including some of the advances made 
in agricultural chemistry since 1912, especially with reference to 
soil organisms, the nutritive value of proteids, and productive 
value of feeds. The thanks of the author are due Dr. B. L. 
Hartwell and Mr. J. B. Rather for valuable suggestions. 

December, 1916. 


Preface—First Edition. 


In this book the author aims to present the fundamental prin- 
ciples of agricultural chemistry. The point of view is that of the 
chemist dealing with agricultural problems; the attempt is made 
to emphasize chemical methods of investigation, and inculcate 
scientific habits of thought. Details are omitted so far as they 
are not necessary to the proper treatment of the subject. Practi- 
cal applications, which are necessarily local, are left out as much 
as possible. The book thus treats of agricultural chemistry rather 
than of chemical agriculture. It attempts to give a comprehen- 
sive view of the subject, and to prepare the student for a more 
detailed study of its various phases. 

This book is based upon lectures given for a number of years 
to students in Agriculture at the Agricultural and Mechanical 
College of Texas. A number of references are given, some of 
which do not refer to the articles in which the facts were first 
published, but to articles of interest or of value to the student, 
which may contain numerous references to the literature of the 
subject. It was not deemed desirable nor was it practical, to 
give references for all the statements made in the text. 

The author is fully aware of the fact that there is room for 
differences of opinion as to what should be treated or omitted in 
a work of this character. He also realizes the difficulty of avoid- 
ing errors, and will be grateful to the reader who may bring 
errors to his attention, or offer suggestions for the improvement 
of the book. 

Valuable assistance has been received from Mr. S. E. Asbury, 
Assistant State Chemist, and especially Dr. C. P. Fountain, 
Professor of English. 

Agricultural and Mechanical 
College of Texas, 
Auig.20, 1912. . College Station. 
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Principles of Agricultural Chemistry 


GHAPTER AE 


INTRODUCTION. 


The object of agriculture is the profitable production of useful 
plants and animals. Agriculture is, therefore, an art and not a 
science, since an art relates to something to be done, a science 
to something to be known. We may, however, speak of the 
science of agriculture, meaning the body of organized knowledge 
appertaining to this art. 

Success in agriculture depends upon ability to manage men and 
things, to take advantage of markets and local conditions, as well ° 
as upon a knowledge of how to produce plants and animals, and 
also upon skill in transforming this knowledge into practice. 
That is to say, practical agriculture is a business and business 
methods must be followed in order to succeed in it. 

More than any other pursuit, agriculture is underlaid by a body 
of complex scientific principles, many of which are applied, know- 
ingly or unknowingly, by the practical farmer. 


Agricultural Experiment Stations——The importance of agricul- 
ture has been recognized by civilized governments in the establish- 
ment of agricultural experiment stations and agricultural colleges. 
The oldest, and the most renowned experiment station, that at 
Rothamsted, England, is not a State institution, but was estab- 
lished, conducted, and endowed by Sir John Lawes, the work 
having been begun on a small scale in 1828. Nearly all of the 
experiment stations have been established since 1870; most of 
those in this country date from 1876 to 1888. ‘The Hatch act, 
appropriating $15,000 of federal money for an experiment sta- 
tion in each State and Territory, was passed in 1887; the Adams 
act, providing an additional $15,000 for strictly scientific research 
and investigation, in 1906. In addition to conducting a great 
variety of experiments along agricultural lines, these stations 
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do 
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make analyses of soils, fertilizers, feeding stuffs, etc. There is 
at least one experiment station in each State of the United States. 
The United States Department of Agriculture (U. S. D. A.) has 
headquarters in Washington and co-operates with many stations. 
While our knowledge of the principles of agriculture is largely 
due to the work of the experiment stations, it is chiefly due, let 
it be said, to the work of chemists. 


Agricultural Chemistry.—Agricultural chemistry is the applica- 
tion of chemistry and chemical methods of investigation to 
agricultural problems. It deals, on the one hand, with funda- 
mental causes of phenomena, and, on the other, with practical ap- 
plications to agricultural practice. The chemist was the first of 
the scientists to turn his attention to agriculture, and his results 
were so fundamental, and practically important, and the science 
of chemistry was capable of such broad application to agriculture, 
that for a long time the great body of scientific knowledge re- 
garding agriculture was known as agricultural chemistry. 
The chemist has not hesitated to avail himself of the sciences of 
geology, mineralogy, physics, botany, or such other sciences as. 
were needed in the solution of the problems at hand. Many of the 
problems of agriculture are complex, and their solution requires 
the harmonious co-operation of several sciences. Take, for 
example, the transformation of organic nitrogen to nitrates, a 
very important process in the soil. This is a chemical change, 
accomplished by means of micro-organisms, and both chemistry 
and biology are necessary to give a complete explanation of this 
phenomenon, though the explanation has been largely worked out 
by the chemist. 


Scope of the Subject—In a wide sense, agricultural chemistry 
signifies the study of all the scientific laws involved in plant and 
animal growth, whatever the several sciences which may be in- 
volved. We may look at this subject as a fabric in which 
chemistry is so interwoven in warp and woof that, if removed, 
the pattern would be destroyed; if the other sciences were re- 
moved, the pattern would be very imperfect. 

It shall be our object to deal with the principles ascertained 
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in the application of chemistry to agriculture, taking up the sub- 
ject from the view-point of the chemist. In particular we shall 
attempt to indicate the methods which have been followed in 
securing important results. Agricultural science is founded upon 
and grows by experiments. An experiment is a question put to 
nature. It matters not what theories or lack of theories are be- 
hind the experiment, if the question is carefully and skilfully 
put, and if we see with a clear eye, not dazed by prejudgment, 
the answer will advance our knowledge. The knowledge of how 
experiments have been planned helps us to plan them for our- 
selves; the knowledge of how a certain problem has been solved 
keeps us from regarding the knowledge so secured as dogmatic, 
and gives us an opportunity to test it for ourselves if we so desire. 
The scientific investigator cannot accept the conclusions of others 
at their face value; he must examine the evidence offered, and 
satisfy himself that the evidence justifies the conclusion, 

Division of the Subject—Agriculture falls naturally into two 
divisions—the production of plants, and the production of ani- 
mals. Usually in the case of plants, only a portion of the plant 
is desired, such as the grain of wheat or corn, the tubers of 
potatoes, etc. ‘The remainder is considered as a by-product and 
such disposition is made of it as appears feasible. The disposi- 
tion of the by-product has considerable effect upon the fertility 
of the soil, or the profits of agriculture. In some cases, as in the 
preparation of hay, the entire plant is utilized. In other cases, 
by-products result in the preparation required before the product 
can be placed on the market, such as threshing of wheat or rice, 
husking or shelling of corn, etc. 

The study of plant production involves a study of the condi- 
tions which are favorable to plant life, the composition and prop- 
erties of the atmosphere and the soil, the maintenance of soil 
fertility, fertilizers, methods of soil treatment, etc., as well as 
the composition and properties of the plant products, and a study 
of such chemical changes as are involved in their production or 
preparation for market. 

The study of animal production involves a study of the prin- 
ciples of animal growth and nutrition, the composition and prop- 
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erties of feeding stuffs, their preparation or preservation, and the 
methods of feeding for different purposes, such as meat, milk, 
wool, etc. 


We will begin the study of agricultural chemistry with a study 
of the chemical laws governing the production of plants. We 
must study the conditions best suited to the growth of plants; 
ascertain how these conditions are filled by the air and soil in 
which they grow; learn how to overcome unfavorable conditions 
in the soil, and how to maintain and increase its productiveness. 
In addition, we must study the composition of the plant. 


Agriculture Primarily the Production of Organic Matter.— 
Agriculture deals primarily with the production of organic mat- 
ter. Organic matter, for the purpose of the agriculturist, may 
be defined as the compounds of carbon which possess chemical 
energy. In agriculture, inorganic compounds of carbon and other 
bodies are caused to combine with the energy of the sun, so as to 
produce organic compounds containing energy, which may supply 
heat or energy for the use of man or other animals, which may 
serve as fuel, or be used for other purposes. ‘The primary object 
of agriculture is thus to store up the energy of the sun. The 
production of organic matter is accomplished by means of plants. 


Products of Plant Life-—The various soil and atmospheric 
agencies, acting upon the life within the seed, produce a plant 
built up by sunshine, water, carbon dioxide from the air, and sev- 
eral mineral substances from the earth. ‘The plant is composed 
mostly of complex organic substances, rich in carbon, and con- 
tains a comparatively small amount of material withdrawn from 
the soil. It is suitable for the food of animals, while the ma- 
terials from which it is built, are not. If dried and heated 
sufficiently, the plant burns and gives off heat. 


It has been found that the heat which is secured in the burning 
of plants, or which can be utilized as heat or other forms of 
energy by animals which consume them, comes from the sun. 
The energy of the sun is used to decompose carbon dioxide, 
water, and nitrates, and to form complex organic compounds. 
These bodies then contain stores of energy which can be utilized 
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by animals or in other ways. Plants thus store up the energy of 
the sun, and may also be regarded as media for furnishing ani- 
mals with the sun’s energy. All energy utilized by plants or 
animals thus comes directly or indirectly from the sun, and all 
energy for life processes and the work of the world, except that 
furnished by water power, comes directly or indirectly from 
plants. 

We have used the term “organic” in connection with the com- 
pounds formed in plants. It was believed in the beginning of the 
tgth century that organic bodies, such as starch, sugar, urea, etc., 
differed greatly in chemical nature from inorganic bodies, and 
could only be formed under the influence of mysterious life- 
forces. But in 1820 Wohler prepared a product of animal life 
found in the urine, called urea, from a purely inorganic body, am- 
monium cyanate. The supposed barrier between organic and in- 
organic substances was thus broken down; great numbers of 
organic compounds have since been prepared, some of which 
occur in nature, and the chemist now hardly places bounds to the 
possibilities of organic synthesis in the laboratory. It is well 
known that organic and inorganic bodies obey the same laws, 
though on account of the size and complexity of the subject, 
organic chemistry is still treated separately. 


As far as agricultural chemistry is concerned, there is a wide 
difference between organic and inorganic bodies. Organic com- 
pounds may serve as food for animals, but inorganic do not. On 
the other hand, inorganic bodies serve as food for plants; but 
plants make use of organic bodies to a very limited extent. With 
the aid of light, plants build up organic bodies which possess 
chemical energy, from inorganic bodies which do not possess 
chemical energy. For the student of agriculture, organic com- 
pounds are compounds of carbon which possess chemical energy, 
and they are usually:the products of plants or animals. 


Conditions of Plant Life—The conditions necessary for the 
production of organic matter by green plants may be summed up 
briefly as follows: 


(1) Light. 


6 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


(2) Favorable ‘Temperature. 
(3) Water. 


(4) Certain elements in certain forms of combination. 


If any of these conditions are unfavorable, the plant will suffer 
and perhaps die. ‘The varying needs of different kinds of plants 
and their varying powers of satisfying these needs, permit plants 
to flourish in nature under a great diversity of conditions, as in 
the tropics, or in arctic regions, in shade or in sunshine, in 
swamps or in deserts. The conditions of temperature, light or 
water favorable to cultivated plants are more limited than those 
of wild plants, but still the range is wide. 

The simple conditions we have named are rendered more com- 
plex by the varying degrees in which different classes of plants 
require them, and the varying powers they have of supplying 
their needs. ‘The varying powers of soils to supply the needs of 
the plants growing on them, and the necessity of maintaining the 
fertility of the soil, render the matter still more complex. 

Relation of the Plant to the Atmosphere.—The atmosphere has 
its part in supplying some of the conditions for the growth of 
plants, the more important being light, heat, carbon dioxide, and, 
indirectly, water. ‘The atmospheric conditions are less susceptible 
to control than soil conditions; nevertheless, sometimes a partial 
control is established, as temperature and humidity in green 
houses, light in the growth of plants by artificial light or under 
shade, and the prevention of frost by smoke clouds. The atmos- 
phere indirectly supplies the plant with small quantities of com- 
bined nitrogen, through the soil. 

Relation of the Plant to the Soil.—The relation of the plant to 
the soil is more complex than its relation to the atmosphere. The 
functions of the soil are primarily to support the plant, supply 
it with water and certain necessary elements, and maintain a 
favorable temperature. ‘These are, however, fulfilled in a very 
complicated manner. 


Methods of Experiment.—The methods of studying the problems 
of agricultural chemistry must be varied to suit the end in view. 
At various points we shall bring in experimental evidence in sup- 
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port of certain views, thus illustrating by example some of the 
more important methods. The earnest student is advised to study 
the original papers that mark important steps in agricultural 
science. 

The problems of agricultural chemistry are often so complex 
and interrelated as to render their solution very difficult. In the 
study of them, one should endeavor to vary one factor at a time 
and keep the others constant. Let us take, for example, the es- 
sential elements in plants. By chemical analysis we can ascertain 
that plants contain certain elements. Which of these are neces- 
sary to the plant and which are not? The solution of the prob- 
lem is obtained by growing the plants under the most favorable 
conditions, with an ample supply of all the elements found in the 
plant except one. If the plant does well, then this one is not 
needed. If it does very poorly, and all the other conditions are 
most favorable, then the element is necessary. ‘The difficulties in 
following out this method of experiment will be presented later. 

It is obvious that if two variables are present, it would be im- 
possible to tell which one produced a given effect, or what part 
each had in it. The conditions of agricultural experimentation 
are sometimes such that it is difficult to reduce the experiment to 
a variation in one variable, and sometimes proper precautions are 
not taken to eliminate other variables. Take, for example, a field 
experiment on corn, or any other crop. Variables are weather, 
insects, seed, soil, etc. We attempt to eliminate them by sub- 
jecting the entire field to the same conditions, but it is very 
difficult to make all conditions uniform. 

Agricultural investigations must be brought to the test of ac- 
tual conditions. Conditions in the laboratory or in pot experi- 
ments, are often radically different from those which prevail 
in practice. The gap between the two must be bridged by ex- 
periment, rather than by theory. 

Observation and Experience.—Agricultural knowledge is large- 
ly based upon observation and experience. General agricultural 
practice is based upon experience, passed on from one genera- 
tion to another. Experience is, indeed, based upon experiments, 
though the experiments are not always consciously made, very 
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often imperfectly planned and often very expensive. Sometimes 
the trial is made intentionally, and sometimes the trials are more 
or less unintentional and due to ignorance. Usually the trials are 
very limited in scope, and therefore differ widely from conscious- 
ly organized experiments dealing with definite problems. ‘The 
practical man will often draw general conclusions from a few ob- 
servations, while the scientific man, before he makes a decision, 
requires many observations, supplemented, where possible, by 
direct experiments designed expressly to test the theories he has 
formed. 


CHAPTER 


ESSENTIALS OF PLANT LIFE. 


Prior to 1840, comparatively little was done to apply chemistry 
to the solution of agricultural problems. Much information was 
collected regarding the chemical composition of soils, plants, and 
animals, and a few books discussing the relation of chemistry to 
agriculture were published, those of Sir Humphrey Davy and 
Thaer being perhaps the most important, but the fundamental 
principles of plant and animal nutrition were not recognized, and 
the books offered little of practical importance to the farmer. 

At that time the prevailing theory was that plants feed upon 
the organic matter, or humus, of the soil, just as animals feed on 
organic matter. According to this theory, the soil should be kept 
full of vegetable matter to feed the plant. The ash or mineral 
matter of the plant, whose presence was known and could not be 
ignored, was thought to act as a stimulant, and not as food. In- 
deed, Thaer, and perhaps others, held that mineral matter could 
be created by plants. 

The great German chemist, Justus von Liebig, in 1840, pub- 
lished a little book entitled “Chemistry in its Application to Agri- 
culture and Physiology,” which developed an entirely new theory 
of plant nutrition. Plants, he said, do not secure their organic 
matter from the soil, but from the air. He showed by calculations 
that there is not enough organic matter in the soil to produce 
average yields of farm crops. The material of importance which 
comes from the soil, he said, is the mineral matter. Supply the 
soil with a sufficiency of mineral matter, and it will remain fertile. 
regardless of its content of organic matter. Such, in brief, was 
Liebig’s mineral theory of plant nutrition. This was a practical 
theory and easily tested. Liebig himself, as an object lesson, 
transtormed a barren, sandy piece of land near Giessen, Germany, 
into a beautiful garden, by means of his mineral manures. Mr. 
John Lawes was incited to begin field experiments at his manor 
of Rothamsted, England. 

These experiments led to the discovery of the process of mak- 
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ing acid phosphate by treating phosphate rock with sulphuric 
acid. ‘The process, which was patented, became the foundation 
of the fertilizer industry. The Rothamsted experiments, prob- 
ably the most famous field experiments yet instituted, have been 
carried on with the same applications of fertilizers and manure 
since 1852. Sir John Lawes endowed the Rothamsted Experi- 
iment Station, and made provision for continuing its work indefi- 
nitely. The great fertilizer industries, and the era of agricul- 
tural experimentation, may be said to date from the application 
of chemistry to agriculture made by von Liebig in 1840. 
Evidence for the Mineral Theory.— As evidence that the organic 
matter of the soil is not necessary to plants, plants have been 
grown to full maturity in soils from which all the organic mat- 
ter had been burned out. Plants were also grown in pure water 
containing no organic matter, or carbon, to which certain mineral 
salts had been added. A prize was offered by the University of 
Gottingen for the solution of the question, whether the ash of 
plants was taken from the soil or created by them. Such prizes 
are still offered in Europe. This prize was won by Weigmann 
and Polstorff.t| In their first series of experiments, they grew a 
number of plants of different kinds, upon sand from which the 
soluble materials had been removed, as far as possible, by extrac- 
tion with strong acids. One set of plants received only distilled 
water, the other set received a mixture of the mineral salts found 
in the ash of plants, and nitrates. The plants which received dis- 
tilled water hardly grew at all, but the others grew well. This 
was evidence that the mineral matter was necessary for the 
growth of the plants. The plants grown on the sand with distilled 
water alone, when burned, were found to contain slightly more 
ash than was present in the same quantity of seed from which 
they were grown. Weigmann and Polstorff thought that this gain 
came from the sand. They accordingly instituted further experi- 
ments and grew plants in a platinum dish on platinum scraps 
with distilled water, the seed being weighed. Upon incineration, 
the quantity of ash in the plants was found to be exactly equal to 
the quantity of ash in the seed planted. Hence the plants did not 
' Dissertation, 1842, cited Meyer’s Agricultural Chemie. 
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create any ash, and the ash gained in the previous experiment 
must have come from the sand. This work is an example of the 
importance of continuing experiments until only one possible 
conclusion is indicated, and also shows the danger of formulating 
conclusions upon insufficient data. 

The plants in the platinum dish after reaching the height of 
only 2 or 3 inches, began to turn yellow, and died. This showed 
that the ash in the seed was sufficient for only a limited develop- 
ment of the plant, and, taken in connection with the preceding 
experiment, showed the mineral matter was necessary to the 
growth of plants. 


Finding the Essential Elements.—An essential element is an 
element whose presence is absolutely necessary to the full growth 
and maturity of the plant. A useful element, though not essential, 
may be serviceable to the plant. 


The following fourteen elements are invariably present in 
plants :— 

The eight non-metals: carbon, hydrogen, oxygen, nitrogen, 
phosphorus, sulphur, silicon and chlorine. 

The six metals: potassium, calcium, magnesium, iron, sodium 
and manganese. 

Other elements are sometimes found in plants.t’ Iodine occurs 
constantly in sea-weeds and sponges, being present in an organic 
compound in the latter. It is prepared from the ash of sea-weeds. 
Fluorine, arsenic, boron, rubidium, bromine, lithium, barium, 
aluminum, thallium, lead, zinc, titanium and copper have also 
been found in plants, in minute quantities. 


Water Culture Experiments.—E,xperiments to ascertain which © 
elements are essential or useful to plants are made by growing 
plants in pure water, to which the salts to be tested are added. 
This is known as the water cultwre method, and is used because it 
is comparatively easy to secure pure water and salts, but almost 
impossible to secure a sand or soil from which plants do not ex- 
tract some substance. Only the fourteen elements invariably 

1 Jahresber. Agr. Chem., 1864, pp. 94, 99, 159; 1866, p. 121. Exp. Sta. 
Record 3, p. 717; 7, p. 643. 
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found in plants need be considered, and as two of these (hydro- 
gen and oxygen) are in the water, and one (carbon) is supplied 
from the air, there remains eleven to be tested. Twelve solutions 
are prepared. One contains all eleven elements, and is used as a 
check. If the plant does not thrive in it, something is wrong with 
the experiment. Each of the other solutions contains salts of ten 
elements, one being left out of each solution. For example, 


Fig. 1.—Buckwheat grown in complete nutrient solution (O) 
and with Cl, K, etc., absent. 


sodium is left out of one, potassium left out of another, and so 
on. Seeds are germinated on moist filter paper, and the strong- 
est seedlings are supported by a cleft cork in the neck of the 
bottle containing the nutrient solution, so that the roots are im- 
mersed, but the cotyledons are above the surface. The plants 
would probably die if the cotyledons were immersed. ‘The vessel 
is covered with black paper to exclude light and so prevent the 
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growth of green algae, which interfere with the success of the 
experiment. The nutrient solution is replaced by a fresh solu- 
tion every few days, to avoid injury to the plants by change in 
the chemical composition of the solution. Absorption of excess 
of basic or acid radicals by the plants, leaves the liquid acid or 
alkaline, according to its previous composition. 

Where the plant grows well, reaches a good size, and produces 
seed, *the element absent from the solution is not essential. 
Where the plant makes a very poor and imperfect growth, and 
produces only a few seed, or none at all, the element absent from 
the solution is essential. Since the seed always contain a certain 
quantity of the essential elements, some growth of the plant is to 
be expected. 

The results of one series of experiments, are not, of course, 
considered final. In experimental work, the work of one man 
has usually to be confirmed by that of others, before it receives 
general acceptance. 

The method of experiment known as “water culture”?, is suit- 
able for experiments in which the material supplied to the roots 
must be accurately controlled. It is impossible to secure a soil 
- or a sand from which plants will not obtain some mineral mate- 
rial. Weigmann and Polstorff, as we have seen, found that plants 
extracted ash from sand which had been exhausted with strong 
acids, and other workers have had similar experiences. By using 
pure water and pure salts, we know exactly what material is 
presented to the roots of the plants. The plant may take up a 
small portion of the silica from the glass when the experiment is 
conducted in glass vessels, but this is not usually of importance. 
If necessary, vessels of platinum or of paraffin, can be used. 

The Essential Elements——It has been found by experiments 
such as those described above, that the following elements are, 
without doubt, essential to the life and growth of plants: 

The four metals: potassium, calcium, magnesium, and iron. 

The three non-metals : nitrogen, sulphur, and phosphorus. 

The non-metals: carbon, hydrogen and oxygen, secured from 
the air and water, as already stated, are essential. A soil, to be 

1 Knop, Sachs and others, Jahresber Agr. Chem., 1861, pp. 126, 136. 
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fertile, must supply to the plant an abundance of potassium, 
calcium, magnesium, iron, nitrogen, sulphur, and phosphorus. 
Plants can be grown to full maturity by means of the follow- 

ing solution :— 

One gram calcium nitrate, 

0.25 gram potassium nitrate, 

0.25 gram potassium sulphate, 

0.25 gram magnesium sulphate, 

0.20 gram ferrous phosphate, 

1,000 cc. distilled water. 


Chlorine Essential but Unimportant.—Experiments to ascertain 
whether or not chlorine is essential to plants were at first con- 
flicting. ‘Three independent investigators grew plants in water 
culture to full and complete maturity without chlorine. Knop 
grew corn, buckwheat and cress; Wagner grew corn; and Birner 
grew oats. \ 

On the other hand, Nobbe and Siegert! found that, although 
buckwheat grew well in water culture without chlorine up to the 
time of flowering, a little later the tips of the staiks died off, 
the leaves became brittle, spotted, and fluffy, starch accumulated 
in the stems and no seed were produced. ‘The diseased condition 
was remedied by the addition of chlorine. Chlorine thus ap- 
peared to be essential to the formation of the seed of buckwheat. 
Leydhecker? also found that buckwheat would not seed in absence 
of chlorine, and Nobbe later confirmed his previous results by a 
second series of experiments. 

Thus one group of investigators finds chlorine not essential, the 
other group finds that it is essential. These contradictory results 
are explained by the work of Bayer.* Bayer grew oats in water 
culture, with and without chlorine, all the other essential elements 
being, of course, present. With chlorine 12.5 grams seed were 
secured, without chlorine 7.5 grams of seed. Apparently chlorine 
was not essential. The seed grown in the absence of chlorine 

1 Landw, Versuchs-stat., 1863, p. 116. 1865, p. 377. 


2 Ibid, 1866, p. 177. 
5 Landw. Versuchs-stat., 7. p. 370. 
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were found, on analysis, to be nearly free from chlorine. ‘These 
seeds were used in another experiment in water culture as before, 
with and without chlorine. With chlorine, they made seed ; with- 
out chlorine, they failed to produce seed. Chlorine, therefore, 
is essential. The seed used in the first series of experiments con- 
tained a sufficient quantity of chlorine for the full development 
of the plant, but those used in the second experiment did not. 


Fig. 2.—Pot experiment showing soil deficient in nitrogen 
and in phosphoric acid. Texas Station. 


The opposite results of the investigators referred to above are 
due, in one case, to the presence of sufficient chlorine in the seed 
used ; in the other case, to insufficient chlorine in the seed. We 
may conclude that chlorine is essential to the plant, but the min- 
ute quantity required may be present in the seed. Chlorine is 
needed in such small quantity that it need hardly be considered as 
a plant food by the agricultural chemist. 

There are a number of instances in which apparently contra- 
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dictory results of different workers have been reconciled by 
further investigation. 

Silica not Essential but Useful—Silica is present in all plants 
grown under normal conditions, and makes up a considerable 
proportion of the ash of some plants. The ash of cereal straws 
contain 20 to 40 per cent. It was formerly thought that silica 
was essential to the strength of cereal straws. Plants have been 
grown to maturity without silica, though they secured traces 
from the glass vessels in which-the solutions were contained.* 
The plants attained a normal development, and produced seed 
well. Silica is, therefore, not essential to plant life. Though not 
essential, silica is useful. In certain water culture experiments 
by Kreuzhaga and Wolff? with oats, the presence of the silica 
increased both the number and the weight of the seed. The 
silica appeared to aid the plant to mature and form seed. The 
following table shows the results of an experiment in which all 
conditions were constant except the silica :— 


Number of Weight of seed 
seed in grams 
INO b eerie do GandaT oS obo Goad boo Base OOBo 715 23 
Tattle suliGars.- «d.cjsern ebeeierieteraetetacie.e =: beens 1,039 24 
Mare h silica = --Siccnsrsteren deeeteteronecete Pree ete) opie. Cotes 1,425 46 


The silica is supposed to cause the leaves to die off during the 
ripening of the fruit, allowing essential elements to be withdrawn 
and utilized in formation of seed. According to Wolff, if silica 
is absent from the solution, oats will produce empty seed heads 
unless an excess of phosphoric acid is present. ‘The silica thus 
economizes phosphoric acid, and this is a highly useful function. 
Hall and Morison,? at the Rothamsted Station, show that silica 
used as a fertilizer causes an increased yield and earlier forma- 
tion of the grain of barley, but causes the plant to take up more 
phosphoric acid from the soil. 

Soda Not Essential—Soda is never absent entirely from any 
plant. It has been impossible to exclude soda completely in water 


1 Sachs, Jahresber. Agr. Chem., 1862, p. 97. 
* Landw. Versuchs-stat., 1884, p. 161. 
5 Proc. Roy. Soc., 1906, p. 445. 
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culture experiments, owing to its presence as impurities in 
reagents, and its entrance into solution by the action of water 
upon glass vessels, but otherwise such experiments show that 
soda is not essential. Soda does not appear to perform any such 
highly useful functions as silica. It may, however, take the 
place of the indifferent essential ash, and so replace potash. 

Definition of Plant Food.—Plant food may be defined as any 
substance which contributes to the building of tissue or is other- 
wise essential to the life of plants. Carbon dioxide, which is 
assimilated by the leaves, is plant food, and so is water. But we 
are more concerned in agriculture with the mineral salts which 
enter the roots of plants, since these require control and are more 
or less subject to it, and we have these in mind rather than car- 
bon dioxide or water when we speak of plant food. By plant 
food we usually mean potash, phosphoric acid, nitrogen, sul-_ 
phates, lime, magnesia, or iron. Often the term is confined to 
nitrogen, phosphoric acid, and potash, for the reason that they 
are the only forms of plant food commonly added to the soil. 

We have spoken of the elements essential to plants, but we 
must bear in mind that the free elements, with two exceptions, 
are useless to plants. ‘These two exceptions are oxygen, which 
is given off by plants to a much greater extent that it is used, and 
nitrogen, which in the free state can be taken up by leguminous 
plants, if the bacteria which aid in this process are present. All 
the other elements in the free state are either useless or injurious 
to plants. The essential elements must be present in certain forms 
of combination; other combinations are injurious or useless. 
These facts have been ascertained by numerous experiments 
with water cultures and sand cultures. 

Iron is taken up as ferric compounds; ferrous compounds are 
often injurious. Phosphorus must be present as phosphates, sul- 
phur as sulphates, chloring as chlorides, silica as silicates or sil- 
icic acid. Sulphides, sulphites, chlorates, and perchlorates, are 
injurious to plants. Carbon is absorbed as carbon dioxide, and 
as organic bodies to a much less extent. Oxygen is taken up in 
water, in carbon dioxide, and as free oxygen. Nitrogen enters 
the plant in nitrates, ammonia, as free nitrogen, and to some 
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slight extent in organic bodies. Hydrogen is taken up as water 
and ammonia. Since these elements are present in the soil in the 
oxidized condition, and are taken up by plants in that form, and 
not as elements, plant food is usually referred to and estimated 
in the form of oxides. We speak of phosphoric acid (P,O;), 
potash (K,O), soda (Na,O), lime (CaO), magnesia (MgO), 
oxide of iron (Fe,O,) and silica (SiO,). These terms are used 
almost exclusively in agriculture and especially in the analysis of 
soils and fertilizers. We speak of nitrogen (N) and chlorine 
(Cl), for the former may or may not be present in the oxidized 
condition, and the latter is injurious when oxidized. The oxides 
are not present in the soil or taken up by plants as such but are 
either present as salts, such as Ca,(PO,)., or, in solution, as ions, 
such as (Caj}), or PO=). 

Quantity of Plant Food Required.—The method of determining 
the exact quantity of plant food required is tedious and difficult 
and has been applied only to two or three plants. 

To determine the minumum quantity of phosphoric acid re- 
quired by oats, Wolff! grew eight sets of six oat plants each in 
water cultures. ‘The solutions contained an excess of all the 
essential forms of plant food, except phosphoric acid. One solu- 
tion contained no phosphoric acid, the others received increasing 
amounts of phosphoric acid. All conditions were the same, 
excepting the varying amounts of phosphoric acid. When the 
oats were ripe, they were harvested and subjected to analysis. 
The following are some of the results: 


Weight of crop 
: Aide in grams Phosphoric acid 
Phosphoric acid in mgr. in dry matter 
per vessel per cent. 
Grain Straw 

ASOnll n Dao0 SaG9 ADCO HoHO OSHS DODU ED aSU8 5.8 II.0 Misi 
155-4 3.4 10.9 0.83 
(oy le 2.7 Jina 0.53 
49.4 ey 10.2 0.33 
B30 rece cence cece eee ee eee ee ee wee 1.8 ine 0.28 
Aife\ o 400900 6DCoDO HageG OBBOO Oudo ose eis) 5.2 0.27 
lilo) Soda! dot cosh gen cepUlonoouda obec T.O 3.0 0.27 
ClO aa ela sek Vise we%4 a's Gelade og. mt 0.27 


1 Jahresber. Agr. Chem., 1873, p. 293. 
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When the plant contained less than 0.33 per cent. of phosphoric 
acid, it was not well developed. When the percentage of phos- 
phoric acid was increased over 0.33 per cent., the quantity of 
straw was little affected, but the quantity of grain increased. In 
the presence of silica, equally as much grain could be produced 
with 0.33 per cent., phosphoric acid. Wolff therefore concludes 
that the minimum quantity of phosphoric acid required by the 
entire,oat plant is 0.33 per cent. of the dry material. 

Similar series of experiments were made with potash, lime, 
and other forms of plant food. From these experiments Wolff* 
concludes that the minimum requirements of the oat plant, based 
on the dry matter of the entire plant, is as follows: 


Per cent. 

Phosphoric acid.---.----sseecscseese sc cces cece ces voenes 0.35 
DIS win oS Go 60160 65 Uno Oo CODD ORO EEE EOS Guo G.C 0.8 
Livi sag oooh Sd 6 dhs cu Cheer lO Baorcboc 0.2 
MagieSia---- 2-222 e sec c ee cee cee cee ent cece tenance 0.2 
BaP ELM VACIC sa lelaeice ior P ls cisinins q= +. 5552-250 ww. Met temerees 0.2 

Total of the essential constituents-.-.---..--.+-++--- 1.75 

Pure ash mecessary.-.-..:22 2... eee ese e eee ee eee eee eee 3.00 

INDUGOP EM serie =i icicles tem ccc ws cece ces tees cee wens I.00 


While the oat plant can get along with 1.75 per cent. of the 
essential ash constituents, a total of 3.00 per cent. of pure ash 
is absolutely necessary. It was impossible to grow a plant with 
less than 3.00 per cent. of ash. The additional 1.25 per cent. 
may consist either of essential elements, or of unessential ele- 
ments, such as silica or soda, but the quantity required must be 
made up in some way or other. We may term the ash in excess 
of the sum of the essential ash ingredients, the indifferent ash. 
The unessential elements can be useful to the plant in making 
up its indifferent ash, which is, however, essential. Various sub- 
stances sometimes added to the soil, such as salt, gypsum, lime, 
etc., may be useful in satisfying the need of the plant for indiffer- 
ent ash. Since 1.25 per cent. of the necessary 3.00 per cent. of 
the ash of oats may be of varying nature, and since plants may 
take up ash in excess of their needs, the ash of the plant is 
subject to considerable variation in composition. 

1 Jahresber. Agr. Chem., 1875, p. 251. 
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Quantity of Plant Food Needed by Plants—The experiments 
by Wolff already cited show the minimum requirements of the 
oat plant, but this method has not been applied to other plants, 
and we are dependent upon other methods for ascertaining the 
needs of the plant. The only other method which has been used 
is to make the analysis of the plant. 

This is not a safe guide: first, because plants often take up an 
excess of plant food, especially potash; and secondly, near 
maturity material is easily washed from the leaves and other 
parts of the plant by rain, dew, etc., as shown by LeClere and 
Breazeale.t For estimating the draft of the plant on the soil, 
analysis is of course more satisfactory. Such analyses are also 
used for calculating the manurial value of feeds. Most of the 
estimations of the mineral matter in plants have been made by 
analyses of the ash. Nitrogen is determined on a separate sample 
of the original plant material. 


The Ash of Plants—When plant substance is burned, the 
greater portion of it passes off as volatile bodies. The residue is 
termed the ash. The ash is sometimes spoken of as the mineral 
part of the plant, or the inorganic part. These terms are not cor- 
rect. The ash is merely that portion of the plant which forms 
compounds not volatile at the temperature of the combustion. A 
portion of it may have been present in the plant in the form of 
inorganic bodies, and a portion has undoubtedly been in organic 
combination. 

The term crude ash is applied to the ash as secured by burning. 
Pure ash, or carbon-free ash, is the crude ash less the free carbon, 
carbon dioxide, and sand contained in it. 

Under ordinary conditions, all of the nitrogen and hydrogen, 
most of the carbon and oxygen, a considerable part of the sul- 

-phur, and a small portion of the potash and chlorine pass off dur- 
ing combustion. ‘The ash consists chiefly of carbonates, oxides, 
sulphates, phosphates, silicates, and chlorides of potash, lime, 
magnesia, and soda. Unburned carbon is usually present, and in 
rare cases cyanides and sulphides are found. ‘The fact that a 

1 Yearbook, U. S. Department Agriculture, 1908, p. 389. 
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large part of the sulphur is volatilized was overlooked for a long 
time. For example, the following results were obtained :— 


Percentage of SO; in 


Cowpeas Corn 
Sulphur teste ee | ene sss ee eee ons 0.08 0.01 
Total sulphur as actually present. ....-.....-.- 0.47 0.39 
Loss by burning per cent..----------+--+ -++e-- 84.0 97.0 


The result has been that the draft of the plant on the sulphur 
in the soil has been decidedly under-estimated, and it is quite 
possible that some soils may be deficient in sulphur.? 


Variations in Ash.*—The percentage and composition of the 
ash of plants varies according to the kind of plant, the part of 
the plant, the stage of growth, the variety of the plant, the soil, 
the season, and other conditions. 

Seeds contain plant food stored for the benefit of the young 
plant, and are less variable in composition than any other portion 
of the plant. Although they contain comparatively small quan- 
tities of ash, the ash is rich in the essential plant foods. The 
pure ash is composed largely of phosphoric acid, from 30 to 
50 per cent.; potash, about 30 per cent.; magnesia, about 8 to 
I5 per cent. Lime is present in comparatively small quantity, 
and little or no silica is found, except in the case of oats or 
similar plants where the husk or chaff is included in the analy- 
sis. (See table below). Leguminous seeds appear to be richer 
in potash and poorer in lime than the seed of cereals. 

Roots and tubers, which, like seeds, contain a reserve store of 
material for the use of the plant, are also rich in valuable plant 
food, though more variable in composition than seeds. Unlike 
seeds, the ash carries considerably more potash than phosphoric 
acid ; but, like seeds, it contains more magnesia than lime. 

Leaves of plants are very variable in composition. ‘The ash 

1 Fraps, Jour. Am. Chem. Soc., 23, 199. 

our. Aer. Sci., 1, p. (277. 

* See Wolff, Ashen Analysen. Also Tollens, Exp. Sta. Record 13, pp. 
207, 303. 
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is rich in potash and lime, but contains much smaller quantities 
of magnesia and phosphoric acid. The quantity of silica is larger 
than in the ash of seeds or tubers, being slightly less than the 
phosphoric acid. 

Cereal straws are variable in ash content, though the ash is con- 
siderably lower than in leaves. The ash is very rich in silica, and 
contains fair amounts of potash. Its content of lime and mag- 
nesia is comparatively small, and it contains about half as much 
phosphoric acid as leaves. Like leaves, cereal straws contain 
more lime than magnesia. 

Leguminous straws resemble leaves closely. The ash is rich 
in lime and potash, and contains approximately the same amounts 
of phosphoric acid and magnesia as the ash of leaves. 


AVERAGE AMOUNT OF ASH CONSTITUENTS IN I,000 PARTS BY 
WEHIGHT OF THE DRY SUBSTANCE. 


Number hos- 
Aver. ae Potash} Lime ee photic Silica 
Hay and Grasses— 
106 Meadow hay .«.---------- (Hejtoy Peres Cyl) aeesre |} Vly || | Ge) |} Ax). 
7 Green corn (in bloom) --| 60.6 | 21.5 | 8.3 6.5 6:1), Lo 
13 Sugar cane-----.-+-+---+-- 23.6 | 4.6 HAG) ee etintey If ese) |] Li(o). 2 

113, Red clover.--.-+++++-++-: GSrtOne 22-2 12480) a5 nl eiGrG 1.9 
12 INN io bao coo 2a coos 0960 73.8 | 17.4 | 30.0 3.6 6.3 7.0 
07 Buckwheat.......-+----- Be | Ol Ih eee || ueLe) | 5 || CLE 

Seeds and Fruits— 

IIo Winter wheat ........--- Too" G.1|+. 16s) “2.4 99530 eee 
36 Winter rye....----- ee MIOLQnIN 0.7) | (0,61 F204) Oron mons 
57 Summer barley---------- 26.1 5.6 0.7 253 9.2 6.7 
57 Oats: uz seen eee Bee 5.6 Te 2.2 8.00/22 
15 Corn .--- «.-.---1 eee 14.5 4.3 0.3 a 6.6 0.3 

3 Buckwheat ..-.... «--- || Ligkay/ B52 0.6 ity) 6.7 0.3 

4o PEAS inj. 02 pelieldionacieeme ern 27.3 | 11.8 13 252 9.8 | 0.3 

Cotton ot inten eee 3015.) a2:9)| - 2.8.) .°6.2:| 13°09) "aarg 

Straw— 

18 Winter wheat ..-........ Bae ees 3-1 1.3) || 216M eons 

25 Wanter nye. eee o-erte AANGS | LONE e | 37; 1.4 ||| 22o e220o 

38 Onligiss$6 Laoo wade Pali Gu|t5-01 0 2:6"|| SakeRlegans 
Roots and Tubers— 

59 Potatoes .----------- +++ B7EOu eZ 2001) 0.0) 1.91) Gram lemOre 

149 Sugar beet .............. 38.3 | 20.4 2.3 BON || 2107 0.9 
32 TMGHIPS <=. ees ce sy esses 80.1 | 36.4] 8.5 3:0) |) TOs2 1.5 
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Effect of the Soil and Season.—The character of the soil and 
the weather conditions prevailing during the growth of plants, 
have a great influence upon the composition of their ash. The 
seed is less influenced by these conditions, but the straw of cereals 
is greatly affected. Indeed, it has been proposed to determine 
the needs of the soil for plant food by analysis of certain plants 
grown on it. 

Atethe Rothamsted Experiment Station, barley has been grown 
on a certain field for over fifty years. Some of the plots receive 
no fertilizer, and others receive various mixtures, but the treat- 
ment has been the same during the entire period. Plots which 
do not receive the complete fertilizer should be depleted of the 
plant food not added in the fertilizer. There is very little varia- 
tion in the composition of the ash of the grain. The phosphoric 
acid and silica in the straw vary slightly, but great changes take 
place in the percentages of potash and soda. 


Percentage composition of 
barley straw ash, grown 
40 years without potash! 


Potash Soda 
VELA CCM ORCAS sl O52—Oi ltnlstare irleleicl viele co1. +e s.0 vie o's | 18.4 6.4 
PV CtARe TOMVEATS TSO2— 71) ascii micos ccc cs se tase | 03:3 11.4 
Average Io years 1872-81 ...-..-.-.....-2++0--- 9.7 Lee 
AVEhAge Oly CATSSLOO2—Oll eelole wicieiciisic) «=i-ic cece os | 7.4 + ee) 
Average 40 years with potash as a fertilizer ....- 31.0 2.2 


While the yield of grain decreases from 45.62, in the first 
period, to 36.63 bushels per acre, in the fourth period, the com- 
position of its ash is little affected. The potash in the ash of the 
straw decreases from 18.4 per cent. to 7.4 per cent., accompanied 

_by an increase in soda, though not in corresponding quantity. 
The ash in the straw from the plot receiving potash fertilizers 
contains four times as large a percentage of potash as ash of the 
straw produced without potash during the decade 1882-91. Since 
in the first two ten-year periods about 2,700 pounds straw per 


1 Agricultural Investigations at Rothamsted, Gilbert, Bulletin 22, Office 
of Exp. Station, U. S. Dept. Agr., page 78. 
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acre was produced on the no-potash plot, while the 40 year aver- 
age for the potash plot is 2,587 pounds, it is evident that the 
higher percentage of potash did not contribute to a greater pro- 
duction of straw. That is to say, plants may take up a consider- 
able excess of plant food, especially of potash. 

The influence of the season upon the ash content of plants is 
illustrated by the same series of analyses referred to above, 
namely, barley grown on the experimental plots of the Rotham- 
sted Experiment Station. The differences between the average 
composition of the ash of plants from plots differently manured, 
show the effect of the application of plant food. ‘The differences 
between the highest and lowest content of ash, which are for 
different years, for the same manure, show the effect of the 
season. ‘The results in the following table are expressed in terms 
of the plant instead of the ash as in previous tables. 


EFFECT OF MANURES AND THE SEASON ON POTASH AND PHOSPHORIC 
ACID CONTENT OF BARLEY. 


In 1,000 parts dry matter? 


Potash Phosphoric acid 
Highest | Lowest | Average | Highest | Lowest | Average 

Grain— 

Unmanured .... -...] 7.7 6.0 6.5 10.1 8.9 9.3 

Farm-yard manure -.-| 8.4 5.9 6.8 10.5 9.2 10.0 

Complete fertilizer ..| 8.0 5.6 6.6 10.4 8.8 9.6 
Straw— 

Unmanured...... 5... 11.8 5.3 8.6 2.6 1.2 ay) 

Farm-yard manure --| 22.0 6. Tee 2.9 1.5 22 

Complete fertilizer...| 22.5 5.7 14.1 Bal Ted 1.9 


Both fertilizer and season have comparatively little effect upon 
the composition of the grain, as we have observed before. On 
the straw, the season has a greater effect than the fertilizer. For 
example, the average potash in the unmanured straw is to the 
potash in the manured straw as 8.60: 14.10 or less than 1: 2, while 


* See also Wilfarth and Wimmer, Exp. Sta. Record 13, 1030. 
* Bulletin 22, Office of Exp. Station, p. 75. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 25 


in different seasons the straw grown on the manured plot varied 
in potash from 6.8: 22.00 or over 1:3. Inspection of the table 
shows that phosphoric acid varies in a similar manner, though 
the variations are not so large. In these experiments, at least, 
the effect of the season 1s greater than the effect of fertilizers or 
of the soil. 

Ash of Strong and Weak Plants.— Various chemists have selected 
strong plants and weak plants growing in the same field at the 
same time, and subjected them to analysis. Some analyses of 
this kind are given in the following table :* 


COMPOSITION OF STRONG AND WEAK PLANTS. 


Percentage composition of ash 
Pure ash 
in plant Phos: 


P Mag- | Oxide of : “5 
Potash Lime aaa aa ee Silica 


Winter wheat— 
Strong plants -| 8.04 | 43.07 6.40 3.60 0.20 7.08 | 32.82 
Weak plants --| 7.55 | 32.89 3.73 2.30 0.20 8.20 | 48.40 


Oats— : 
Strong plants -| 8.03 | 43.15 7.02 4.50 0.50 7.28 | 20.86 
Weak plants --| 6.48 | 39.35 6.06 3.30 0.60 7.68 | 34.18 


Barley— 
Strong plants -| 10.83 | 43.10 8.73 3.83 0.60 Thess | \leadertey) 
Weak plants --| 8.39 | 38.15 Tasks Bea 0.60 8.20 | 30.50 


The weak plants contain a smaller percentage of ash than the 
strong plants. The percentages of potash and lime are smaller 
in the ash of the weak plants and the percentages of silica are 
much larger. 


Effect of Stage of Growth on Ash.—The percentage of ash 
shows the relation between the organic matter formed and the 
mineral matter taken up by the plant. ‘The absorption of mineral 
matter from the soil, and the production of organic matter by the 
plant, do not proceed at the same rate, consequently the per- 
centage of ash in the plant varies at different periods of growth. 
Changes in the ash content of plants at different periods of 
growth depend upon the kind of plant, and the part of the plant 

1 Wolff’s Ashen Analysen. 
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under consideration. Asa general rule, we find that the ash con- 
tent is greatest in the young plant, and that it decreases with the 
age of the plant. ‘That is to say, the young plant takes up more 
mineral matter in proportion to the quantity of organic matter it 
elaborates, than the older plant. 


The nature of the soil also affects the changes in the ash of 
a plant during its growth. When an insufficient quantity of plant 
food is supplied by the soil, the plant may withdraw ash ingre- 
dients from its older parts for use in continuing its growth. As 
we have seen, in the presence of an excess of plant food, the 
plant may take up more ash than it needs. These facts should 
be borne in mind in considering the changes in the ash ingre- 
dients during the growth of plants. The composition of the plant 
at different stages on one soil, under one set of conditions, may 
be quite different from the same plant grown on another soil 
under another set of conditions. When the plant has passed 
maturity, ash may be washed out by rain. ‘The actual quantity 
of ash in the individual plant increases until practically mature. 


For the reasons just given, the following general statements 
may not apply to individual cases. With the entire plant, the 
percentage of potash in the ash decreases almost invariably, 
while, as a rule, silica increases, magnesia increases, lime de- 
creases, and phosphoric acid decreases in some cases and in others 
increases. 


The above statements are made with respect to the entire plant. 
Exceptions occur with certain parts of the plant, as, for example, 
the ears of oats. 


An example is presented in the following table. Samples of 
the entire wheat plant were collected at different periods of 
growth and subjected to analysis by Pierre :* 


1 Wolff's Ashen Analysen. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 27 


EFFECT OF STAGE OF GROWTH ON ASH OF PLANTS. 


Percentage composition of ash 


|Pure ash 
Stage of growth | in plant 
Pp i ._ | Phos- ies 
| ea Potash Lime Mag phoric Silica 
nesia aed 


Heads appearing:....--- 7.4 22.8 20.7 3.8 10.1 35.2 
Before bloom .........-- 6.5 1522 17a5 4.2 g.1 45.0 
Beginning of bloom..... 5.3 13.5 a7) 2.4 6.1 55-9 
Bnd of"bloomeess+ hss: =: 5.1 13.0 11.5 a7, 5.6 58.3 
Grains still soft........- 4.8 10.2 12.4 2.2 Sa 62.5 
Ripe ........--.e-ee eee 4.7 10.2 10.1 2.4 5.9 64.7 


Ratio of the Essential Elements.—The ratio of the essential 
elements affects the development of. the plant to some extent. 
Director Hall* of the Rothamsted Station states that where 
barley is grown on the plots fertilized’ with potash and nitrogen 
without phosphoric acid, the grain hardly matures at all, while 
the phosphoric acid in the absence o8 nitrogen and potash causes 
the grain to ripen early. 

Starting with the fact that lime ees: in leaves while 
magnesia is in excess in seeds, May, under the direction of 
Loew,” grew tobacco in sand culture with excess of lime and 
with excess of magnesia, producing in the first experiment a 
large development of leaves, in the second a very small plant 
(see Fig. 3). According to other experiments of Loew and his 
pupils, the ratio of lime to magnesia is of importance. 

For example, Aso* grew rice with various ratios of lime to 
magnesia. ‘The lime and magnesia originally in the soil were 
estimated by extracting the soil for 24 hours with cold 10 per 
cent. hydrochloric acid. Such additions of carbonate of lime 
or carbonate of magnesia were then made to various pots con- 
taining 7 kilograms of the soil as were necessary to secure the 
desired ratios of lime to magnesia. In order to ensure an abun- 
dance of plant food, each pot also received 15 grams ammonium 
sulphate, 15 grams sodium phosphate, and 15 grams potassium 
carbonate. 


1 Rothamsted Experiments, p. 80. 
* Bulletin No. 1, Bureau Plant Industry, U. S. Dept. Agr. 
* Bulletin Tokyo Imp. Uni., 1904, p. 97. 
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Fig. 3.—Upper tobacco plants have excess of magnesia, lower plants 
excess of lime. Loew. U.S. D. A. 


The following are the results of this experiment: 


Ratio of lime to magnesia Pe Se agheieees Sine tiecete 
Day Wiebe lelerepelie ierelelmlo's\ s,s 0:61 o)eiio:aislato ieliayels\=\© 20.5 53:5 
AaistMieyatsieite: “aia ajai sis = =\s\9)'- 0: 2)+ ofeleia/e ul ele cleve 30.5 59-5 
G23 ICs Syd OUECos CORO ESO agan aiiap ries 44.0 65.5 
BY Asis pi CADP O Ot eR ES hy oe 58.5 é 69.0 
I Slop dsooshbcoddu com mUBEOeoUmOSHS ards 98.5 125.0 
1 PAG ade CUab Hod SOOOADEDOOE Peso doabiob 84.0 95.0 
Meee lesaedieis eit eta thas Milareiasais -« abs's\ sfoieis. ake Gye 79.0 106.0 
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According to this experiment, the ratio of 1 part lime to 1 part 
magnesia is most favorable to the growth of rice. An increase 
or decrease in the ratio reduces the yield, an excess of lime being 
more injurious than an excess of magnesia. 

In other experiments Loew’ found the most favorable ratio 
of lime to magnesia for some other plants to be as follows :— 

Diimemeevacwesia,: : 1 : 1 for oats, 
2 : 1 for baglew 
173..: L for. wheat 
Lime,’ he says, is required for foliage, and magnesia for seed; 
the greater the proportion of foliage to seed, the greater the ratio 
of lime to magnesia required by the plant. 

Several factors operate to prevent injury by an unfavorable 
ratio of plant food in the soil. ‘The root of the plant exercises a 
certain degree of selection by which it may to some extent de- 
cline to absorb undesirable plant food. In some plants an ex- 
cess of lime is deposited in cells in the form of calcium oxalate, 
in others, a white coating (probably carbonate of lime) forms 
upon the leaves. There is a difference of opinion as to the 
significance of Loew’s work. According to Hopkins’ experi- 
ments,® the quantity of lime and magnesia are of more impor- 
tance than the ratio. Voelcker* finds magnesia more toxic to 
wheat in pot experiments than lime, and the ratio modifies the 
character of the plant decidedly. A number of workers have 
found little effect of the ratio in field experiments.’ 


Plant Stimulants.—Substances which exert an appreciably 
favorable action upon plant growth and at the same time are not 
essential to the life of the plant, may be termed stimulating com- 
pounds. According to Loew* and his pupils, borax and salts of 
lithium, caesium, uranium, manganese, bromine, iodine, fluorine, 
and ferrous iron act as plant stimulants in small doses; in large 


1 Bul. Col. Agr. Imp. Univ. Tokyo, Igo2, p. 381. 


_* See also Circ. No. to, Porto Rico Exp. Sta. : Bul. 45, Bureau of Plant 
Industry. 


* Soil Fertility and Permanent Agriculture, p. 170. 

4 Jour. Roy. Agr. Soc. Eng. 73, 314. 

° Gile and Ageton, Jour., Ind. and Eng. Chem. 1913, 567. 
® Bul. Tokyo Univ., 1904, p. 163. 
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quantities, they may prove injurious... The more important of 
these stimulants appear to be manganese, iron and fluorine. It 
is also possible that certain organic substances may act as stim- 
ulants in small doses, or as poisons in large doses. According 
to Loew, the favorable quantity of the stimulants named is as 
follows :—Manganous sulphate about 75 pounds per acre; man- 
ganous chloride 60 pounds; potassium iodide one-third ounce; 
sodium fluoride one ounce. 

Radium has been claimed to act as a stimulant but is of no 
practical value. 

The importance of these stimulating compounds in practical 
agriculture remains to be demonstrated. Such field tests as have 
come to the notice of the writer are contradictory. It has been 
suggested that the copper hydroxide and similar substances used 
for combating certain plant diseases, instead of killing the fungus 
direct, stimulate the plant and increase its vigor sufficiently to 
resist the disease, but we know of no experiments supporting 
this hypothesis. It is also possible that “stimulating”? compounds 
may occur in certain soils in quantity sufficient to be injurious. 


Essentials for Plant Life in Addition to Food.—Conditions other 
than plant food which are essential to plant life are mentioned 
here for the sake of completeness. The requirements of foliage, 
fruit, or roots are different, but the entire plant suffers if a part 
suffers. 

Water, in considerable quantity, is essential to plant life. Only 
a small portion of the water used by a plant is used as plant 
food and goes to the formation of organic material. Most of it 
is evaporated by the leaves of the plant. 

Light is essential to the formation of organic matter by the 
leaves of plants. ‘Too much or too little light affects the develop- 
ment of the plant. Plants vary in their requirements for light. 

Temperature.—Extremes of heat and of cold destroy plants. 
For their best growth a certain temperature is most favorable, 
and it varies with the kind of plant. Temperatures which do 
not destroy the plant may yet interfere with its growth. 

inte Cones App. Chem», 19125 5p s0: 
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Favorable soil conditions are essential; the proper degree of 
moisture, of soil atmosphere, absence of deleterious influences, 
etc., are necessary to the best growth. 

The Law of Minimum.—In the experiment of Wolff on oats, 
cited previously, the size of the oat crop varied with the quantity 
of phosphoric acid supplied to it, other conditions being favor- 
able. In the following experiment of Hellriegel,t various quan- 
tities of nitrogen were added to a soil provided with an abun- 
dance of all other forms of plant food, all other conditions being 
favorable. The harvest of the barley gave the following re- 
sults :— 


Grams nitrogen Grams dry matter 
supplied produced 

per pot per pot 
BWBVioso0 SADOS ABI OD badel nc oc au da eee eeeIeEEEEIO oo cloio ec 0.50 

Epes owe JSCH RSS w COND 0 Gnd Oe ens coe 2.99 

SOS fo osroted= fol lede) el a'=inie) ailelelalaiti a ele wisi inic|slae < «6. sie.e «es clea sitinele 5.32 

Ieee icisteiaeictstcrsieiel eicistelcatis Oeics <b si\els a. seaaa sew wloteralelene 10.80 
ORROOEE sey ieistis PSO 6 OGO BODO OOOO DCE RIEEIaICND Crack c 16.38 

OL-eylon A DA Cobo OCOD OC UDO OL O0 SS Oot OOO OEREEoErIao cr S00 2172 


Fig. 4.—The growth of oats is proportional to the supply of nitrate 
of soda, other conditions being favorable (after Wagner). 

The size of the crop increases with the quantity of nitrogen at 
the disposal of the plant. ‘The size of the crop thus varies with 
the quantity of the most deficient form of plant food. The plant 

1 Exp. Station Record, 1893-4, p. 853. 
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food is the controlling condition in these experiments. Plant 
food, however, is only one requirement of plant life. The 
amount of the crop is profoundly influenced by rainfall, tem- 
perature, and other weather conditions which are embraced un- 
der the term season, as well as by the nature of the soil, etc. 

The law of minimum holds that the size of the crop is regu- 
lated by the condition least favorable to the growth of the plant. 
For instance, suppose all conditions were favorable to the pro- 
duction of 1oo bushels of corn, with the exception of phos- 
phoric acid; then the size of the crop would depend upon the 
quantity of phosphoric acid it could secure; if only enough for 
10 bushels, then 10 bushels it would be. Suppose the soil were 
very rich, as it often is in arid regions, and there were little 
water, then quantity of water would limit the size of the crop. 
An excess of water would also limit—decrease—the crop. If 
all conditions of soil and water were favorable, the limiting con- 
ditions might be the quantity of light the plant received, the tem- 
perature, or the individuality of the plant. 

The conditions which'limit plant growth may be kind of seed, 
light, water, space, temperature, total ash, phosphoric acid or any 
other plant food, insects, injurious diseases, or the condition, 
nature or situation of the soil. The size of the crop depends 
upon the least favorable of the conditions which surround it. It 
is exceedingly important in practical agriculture to ascertain the. 
limiting conditions, and render them more favorable. 

Mitscherlicht gives mathematical expression to the law of 
minimum. Under ideal conditions, a certain maximum yield 
would be obtained. ‘The yield is depressed if some essential 
factor is deficient. If now the deficiency is overcome to a 
certain extent, the yield becomes greater, and is the larger, the 
greater the previous depression. According to Mitscherlich, the 
increase in crop produced by a unit increment of the lacking 
factor is proportional to the decrement from the maximum. 
The mathematical expression is: 

—— (A — y)k or loge GAL yy) = 6 — a 


1 Landw. Versuchs-stat., I9gII, p. 231. 
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When + is the amount of the factor present, y is the yield, and 
A is the maximum yield possible with an excess of the factor. 


Permanent and Variable Limiting Conditions—The character 
of the soil and the plant food which it supplies are more or less 
permanent during the growth of the crop, but the soil moisture 
and the weather conditions are more variable. The limiting con- 
ditions of plant growth are therefore more or less variable, 
according as moisture or weather conditions are more or less 
favorable to growth than are soil conditions. The rate of 
growth, for example, may at one time be controlled by the phos- 
phoric acid supply of the! soil, and at another by decrease in the 
rate of supply of moisture (drought) or by an excess of water 
or by too cool a temperature, or too little sunlight, etc. The 
conditions of the soil and its supply of plant food are more or 
less affected by soil moisture, weather, or other conditions. 

The varying effect of the season upon plots with different 
fertilizer applications, may be seen by comparing the yield of 
wheat in a wet year and in a dry year, with the average for 51 
years, on the plots at Rothamsted,! England. 


Yield of wheat in bushels per acre 
Treatment 

Average | Wet year | Dry year 
NMAC TNESO5 400550 Gods poo s0cus oad egod =refel| | clea 4.5 10.7 
Acid phosphate and potash salts .....-. ....-. 14.9 5.6 14.2 
Acid phosphate, potash salts, sulphate of 

BhealsaKOUNEl sooo oben vooUodKo OL coon Gne BOBdD 24.0 10.5 19.4 

Acid phosphate, potash salts, nitrates...--- --| 33.8 17.9 21.9 
AOMMTMTOMITIN SALES ALONE ciieteteci-leos sisie sce ese cre 20.7 4.3 8.4 
INA tratevall OMe rel cis site aie eyo icici cake «wis. 6 vied) '070 227, 4.6 10.0 
ARO VAT GL PA AU TDE aeter gic siyeiee ete a= a0 se os oe 5 2 Bay) 16.0 34.2 


There is nearly as much difference between the average crop 
on the farm-yard manured plot, 35.7 bushels, and the crop on the 
same plot during the wet season, 16.0 bushels, as there is between 
the average yield with no addition, 13.1 bushels, and with the 
farm-yard manure, 35.7 bushels. 

' Hall, an account of the Rothamsted Experiments, p. 54. 
3 
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Limiting Conditions are Dependent Variables—The limiting 
conditions are not independent of one another, but to a certain 
extent influence each other so that variation in one may affect 
several.t Increase in water in the soil, for example, decreases 
the air content, and may decrease soil temperature. By tran- 
spiring more water, the plant can take up more plant food. In- 
crease in phosphoric acid of the soil may also increase the activity 
of the soil bacteria, those which convert inert organic matter into 
nitrates included, and thus increase the supply of plant food. 
The phosphate added may affect the physical character of the 
soil. Increase in the soluble plant food in the soil decreases 
the need of the plant for water and its transpiration becomes 
less. Increase in temperature increases the action of soil moist- 
ure upon plant food constituents, and increases the activity of 
the soil organisms. ‘Thus a change in one condition of plant life 
may, and usually does, affect more than one, and the conditions 
are not absolutely independent. 


' Cameron, Proc. Am. Soc. Agron, I9I0, p. 102. 


CAP TER ie 


THE PLANT AND THE ATMOSPHERE. 


Although the atmosphere is equally as important as the soil for 
the production of plants, yet, since atmospheric conditions are 
little subject to control and are less complex in relation to the 
plant than soil conditions, much less attention need be given to 
it. We have already found that the carbon of the plant comes 
from the air. ‘The atmosphere receives and transports water 
vapor, and precipitates it in the form of rain or snow. The 
amount, kind and period of rainfall, which are all dependent on 
atmospheric conditions, are highly important to agriculture. The 
atmosphere moderates the variations in temperature. It tem- 
pers and stores the heat of the sun. If there were no atmosphere, 
the temperature would be very hot in the direct sunshine and 
freezing in the shade. 

The soil atmosphere is also of importance. ‘The air penetrates 
the soil, supplies the roots of plants with the oxygen they need, 
and oxidizes deleterious substances. It aids in the preparation 
of plant food so that the plant can take it up. It also aids in 
the formation of soil from rock. 

Composition of the Air.—The air consists chiefly of nitrogen 
and oxygen. It contains, in addition, a small amount of carbon 
dioxide, some water vapor, small quantities of argon and allied 
rare gases, besides minute quantities of ammonia, nitric acid, hy- 
drogen peroxide, and marsh gas. It also contains suspended 
solid matter, some of which consists of micro-organisms. In 
towns the air contains some sulphuric acid and hydrogen sul- 
phide. ‘The moisture in the air varies considerably. 

The composition of dry air varies but slightly, even when 
sampled at widely distant localities. Its average composition by 
volume is as follows :— . 


OSS teil ete OS, pe, Se a nM rae Ds coc =o ee 20.90 parts 
ANTHRO, eccletols G S:d DIGeOD ORCI Oe bcs Su cee 0.90 part 
UR SET net tase ates oes «5, 3 nog ee 78.15 parts 
MAR CORE ve F< 8 ot. an no ode ae 0.03 part 
eH CTEM POMPE E SS 4... o..°5 «cist ORS 2 0.02 part 


100.00 parts 
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Carbon Dioxide.—1I{ a vessel of clear lime water is exposed to 
the air, the lime water after a time becomes cloudy, and a white 
precipitate or a crust of calcium carbonate is formed. The for- 
mation of this precipitate is a test for carbon dioxide, and it is 
due in this case to the carbon dioxide of the air: 


Ca(OH),'+ CO, = 


Since plants can be grown to full maturity in water containing 
certain mineral salts, and the plant contains much more carbon 
than the seed, while the water does not contain any, it follows 
that the plant must have taken carbon from the air. 

The following is an example of an experiment showing that 
plants can assimilate carbon dioxide in the presence of light. 
Boussingault placed a sprig of leaves in a vessel containing a 
mixture of oxygen and carbon dioxide and exposed it to the 
sun. After nine hours exposure, the gas was measured and sub- 
jected to analysis. The results of the experiment follow: 


Carbon dioxide Oxygen 
Composition of ae berene eeeaeure seeee 21.0)Ce; Ma) (Ae. 
After exposure--.--- - sewer eee ees T22ACes 21eqiee: 
VOR oSbu bo S600 Gonooo DH Danen ooOL 19.6 ce. Gain 9.9 cc. 


This shows that the leaves absorbed carbon dioxide and re- 
placed it with a nearly equal volume of oxygen. 

Another experiment consists in enclosing the plant in an air- 
tight vessel, through which air is passed. A known amount of 
carbon dioxide is added to the air, and the carbon dioxide in the 
air which passes out is determined. The quantity which dis- 
appears is absorbed by the plant. Numerous experiments give 
the same results. The green leaves of plants absorb carbon 
dioxide in the presence of light, and replace it with an equal or 
nearly equal volume of oxygen. 

The amount of carbon dioxide in the air can be estimated by 
drawing a known volume of air first through calcium chloride to 
remove water, and then through a solution of caustic potash to 
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absorb the carbon dioxide. The potash bulb is weighed before and 
after the experiment, and the gain in weight is carbon dioxide. 
The carbon dioxide may also be absorbed by soda-lime, or by 
barium hydroxide. Water lost from the absorbing tube is col- 
lected in a small tube containing calcium chloride, and weighed 
with the absorbing tube. 


While the percentage of carbon dioxide in the air is small, and 
is continually depleted by plants during the day, yet the total 
quantity is large. The income and outgo of the carbon dioxide of 
the air appear so nearly to balance that no great variation in the 
amount takes place. The following are the chief processes which 
restore carbon dioxide to the atmosphere :— 


(1) The respiration of animals. Animals absorb oxygen and 
give off carbon dioxide. The oxidation of organic material de- 
rived from food or body substances produces the carbon dioxide. 


(2) Combustion. All processes of combustion of organic ma- 
terials produce carbon dioxide. 


(3) Fermentation and decay. These are changes which occur 
in organic materials, and are usually accompanied by production 
of carbon dioxide. 


(4) Decomposition of calcium bicarbonate by shell fish. The 
calcium bicarbonate dissolved in the sea water is decomposed, 
setting carbon dioxide free, and the calcium carbonate is used by 
the animal to form its shell. 

Caco). — CaCO, + HO -- CGF 

This carbon dioxide was originally derived from the air. | 

(5) Dissociation of carbonates by heat, as in the burning of 
lime. This is a matter of small importance, especially as the 
lime takes up the carbon dioxide again sooner or later. 


€ac©; — CaO -- "CO; 
Carbon dioxide is also emitted from some volcanoes, deep 
springs, and other subterranean sources. 


Quantity Present.—Country air contains on an average 0.029 
per cent. carbon dioxide, or, in round numbers, 3 volumes to 
10,000 volumes of air. City air contains larger quantities. Angus 
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Smith found the air in Glasgow to contain 0.05 per cent. and in 
London 0.044 per cent. More carbon dioxide is present in the 
air at night than in the day. For example, Armstrong’ found the 
air to contain 0.0296 per cent. carbon dioxide in the day, and 
0.330 per cent. at night. 


CARBON LYOXIDE OF AIR 


CSLITGNIO/7 


ORGANIC 
CARBON OF 
ELANTS 


ORGANIC 
CARBON OF 
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Ferrmer71ai/ OT? 


Fig. 5.—Circulation of carbon. 


These variations are easily explained. In cities more carbon 
dioxide is evolved by respiration and combustion than in the 
country, and less is absorbed by plants. At night the production 
of carbon dioxide by animals continues, but plants give it off 
instead of absorbing it, hence the larger amount at night. 

1 Proc. Roy. Soc., 1880, p. 343. 
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Carbon dioxide is soluble in water, and is brought to the earth 
with rain. It exerts a solvent action on constituents of soils and 
rocks, especially on carbonate of lime. The amount of carbon 
dioxide dissolved by water varies according to temperature and 
pressure. Carbon dioxide is usually found in springs, wells, and 
river water, as well as in dew or rain. 

Circulation of Carbon.—Carbon circulates from the air to 
plants, from plants to animals, and from plants and animals back 
to the air. The oxidation of carbon in decay of organic matter 
is due to bacteria. The diagram on page 38 illustrates the cir- 
culation of carbon. 


Effect of Light on Plants.—The energy stored by plants comes 
for the most part from the sunlight. In the presence of light, 
green leaves absorb carbon dioxide and give off oxygen. This 
can be demonstrated by a simple experiment. Some fresh green 
leaves are placed in a funnel filled with water containing carbon 
dioxide, inverted in a vessel of water, and placed in the sunlight. 
Bubbles of gas begin to rise, which may be collected in a small 
test-tube attached to the stem of the funnel, and tested with a 
spark on a splinter. This bursts into flame, and so proves the 
gas to be oxygen. 

In darkness, plants take up oxygen and give off carbon dioxide, 
though the amount is small in comparison with the reverse action 
in the light. For example, Corenwinder' ascertained that three 
pea plants exhaled 24 cc. carbon dioxide during an entire night, 
while they absorbed 86 cc. carbon dioxide during an hour of 
direct sunshine. 

The amount of light most favorable to the growth and develop- 
ment of the plant, depends on the kind of plant. Some plants 
grow better in the sunshine, while others thrive only in the shade. 
In the diffused light of cloudy days, or the softened light of a 
forest, plants may exhale either carbon dioxide or oxygen, ac- 
cording to the kind of plant, the intensity of the light, and the 
stage of development of the plant. 

Chlorophyll, the green coloring matter of the leaf, seems to 

1 Jahresber Agr. Chem., 1858, p. 106. 
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be an essential agent in the decomposition of carbon dioxide and 
the production of organic matter. Only those parts of the plant 
which contain chlorophyll are able to assimilate carbon dioxide. 
If, for any reason, chlorophyll is not formed, assimilation cannot 
take place. ‘The green color of chlorophyll is sometimes dis- 
guised by the presence of other pigments. 


Fig. 6.—Tent for shading tobacco. Pennsylvania station. 


Effect of Color of Light.—The effect of light depends upon its 
color and intensity. The following are outlines of methods for 
studying the effect of color of light on plants. 

(1) Plants may be grown in boxes of different colored glass.* 
This method allows the experiment to be continued any desired 
length of time. The plants can be then subjected to analysis or 
otherwise examined. The light which passes through colored 
glass, is not, however, usually a single color, but is admixed with 
white or other colors, as can be easily seen by analysis of it with 
a spectroscope. ‘This is an objection to the method. 

(2) A ray of sunlight is decomposed with a prism and the 
spectrum thrown upon a screen with a slit in it, allowing the 


1 Weber, Jahresber. f. Agr. Chem., 1875-6. p. 336. Flammarion, Exp. 
Sta. Record 10, p. 103. 
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Fig. 7.—Tobacco, (A) shaded; (B) uot shaded. Pennsylvania station. 
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passage of only one kind of light. This falls upon a leaf placed 
in water containing carbon dioxide. All the colors except the one 
to be tested are excluded by the screen.t. The number of bubbles 
of oxygen liberated from the leaf in a given time is taken as a 
measure of the action of the light in producing organic matter by 
the decomposition of carbon dioxide. More accurate results are 
secured if the volume of oxygen is measured. 

Control of Light——Only in isolated cases is control of light of 
practical significance in agriculture. Forcing of early vegetables 
by artificial light has been tried but has not proved successful 
enough to be generally adopted. Cigar wrapper tobacco is grown 
under the shade of cheesecloth or slats.* Reduction of light by 
shading makes the plant grow taller and produce thinner leaves 
than under ordinary conditions. The thin leaves bring high 
prices for use as wrappers in making cigars. The shading, how- 
ever, also modifies moisture and temperature conditions.* 


Oxygen.—Oxygen is necessary to both animal and plant life. 
Without oxygen, animals quickly die from suffocation. The 
oxygen is required by animals for processes of oxidation neces- 
sary to life, including the production of animal heat. The oxy- 
gen consumed is replaced by carbon dioxide in the respired air. 
Oxygen is also consumed in the decay of organic matter, in com- 
bustion, and in other processes of oxidation. 

The oxygen lost from the air by oxidation is restored by green 
plants, which, as we have seen, absorb carbon dioxide and evolve 
oxygen. On account of diffusion and air currents, the quantity 
of oxygen in the air varies but slightly. In analyses made in 
widely separated parts of the world, the minimum and maximum 
amounts of oxygen in pure dry air are 20.53 and 21.03 parts by 
volume. 

Oxygen is necessary for the germination of seeds, for the 
development of buds, for the roots of certain plants, for flowers, 
and in fact for the life processes of the plant in general. The 
green parts of the plant evolve more oxygen than they absorb, 


1 Pfeffer, Jahresber Agr. Chem., 1870-2, p. 179. 
2 Report No. 62, U. S. Dept. Agr. 
3 Stewart, Bul. 39, Bureau of Soils. 
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but the case is different with other parts of the plant. De Saus- 
sure’ found that buds require oxygen by the following experi- 
ment. He enclosed woody twigs cut in the spring just before 
the time for buds to unfold, in jars containing various gases. 
In hydrogen or nitrogen the twigs decayed, but in the air the 


Fig. 8.—Experiment to ascertain the effect of gases 
on the roots of plants. 

buds opened and, on analysis of the air, oxygen was found to 
have disappeared. It thus became evident that the buds require 
oxygen for their development. 

In similar experiments with flowers, De Saussure found that 
they consume several times their volume of oxygen in 24 hours. 
De Saussure? tested the effect of different gases upon roots of 


' Johnson, How Crops Feed, p. 23. 
? Johnson, How Crops Feed, p. 24. 
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plants by cementing the plant in a bell jar, so that the stem and 
leaves were in the outer air, while the roots were within the 
vessel and exposed to any gases that might be placed therein. 
The horse chestnut died in 7 to 8 days when its roots were placed 
in carbonic acid gas, in from 13 to 14 days in nitrogen, or hydro- 
gen, while the plant remained healthy to the end of the experi- 
ment (21 days) when the roots were in contact with air. The 
experiment shows that the roots of this plant require oxygen, 
though it lived for some time without oxygen. Other experi- 
ments show that roots absorb oxygen and give off carbon dioxide. 
The roots of some plants, which prefer heavy, wet soils, probably 
do not require oxygen. The difference in the root requirements 
of plants for oxygen is probably one factor in their adaptation to 
various types of soil. : 


Nitrogen.— The nitrogen of the air, which makes up four-fifths 
of its volume, is in-the free state, and enters into combination 
only with difficulty. So far as animals and the majority of plants 
are concerned, the nitrogen of the air serves only as a dilutant 
for the oxygen, which would have too energetic an oxidizing 
action if in the pure state. 


To be of value to animals or to most cultivated plants, nitrogen 
must be in combination. This store of combined nitrogen is com- 
paratively small. Plants and the bodies of animals contain some 
combined nitrogen ; there is some in the soil, coal contains a small 
percentage, and there are some deposits of nitrate of soda. 
Combined nitrogen is lost when organic matter is burned, any 
nitrogen present being evolved in the free state. Explosives are 
rich in nitrogen, which is set free when they are used. In certain 
processes of decay, free nitrogen is evolved. 

The supply of combined nitrogen in the soil is comparatively 
small, and it is constantly drawn upon by crops. Under our 
present system of agriculture, the stores of nitrogen in the soil 
are exploited and depleted. A considerable quantity of nitrogen 
is washed from the soil by water. Maintaining the fertility of 
the soil is largely a question of maintaining its store of combined 
nitrogen. Fortunately, we have now obtained the means for 
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causing the free nitrogen of the air to enter into combination. 
The ways at present in which this is accomplished are as 
follows :— 


(1) One process is the assimilation of free nitrogen by bacteria 
in symbiosis with leguminous plants. This method is the most 
promising for practical agriculture. The energy of the sun is 
utilized and the nitrogen is converted directly into organic matter. 
Some bacteria are able to assimilate nitrogen without the aid of 
plants. 

(2) Another process is the electrical production of nitric acid 
or nitrates. An electrical discharge is passed through air or 
through a mixture of nitrogen and oxygen, and the oxides of 
nitrogen produced thereby are absorbed by water or sodium car- 
bonate or caustic soda. When water is the absorbing medium, 
nitric acid is produced; if caustic soda or lime is used, nitrates 
are produced, which may be used as a fertilizer. Since nitric 
acid is more valuable than nitrate of soda, nitric acid is made 
when practicable. This method is practicable only when electric- 
ity can be produced cheaply, such as is accomplished by water 
power. 

(3) Production of Calcium Cyanamid.t Air, freed from oxy- 
gen by passing over heated metallic copper, is passed into a mix- 
ture of calcium carbonate and carbon heated in the electric fur- 
nace. The first product is probably calcium carbide :— 


2Cac@, —— 54C =. 2CaC, +: 3CO2: 


This is then converted: by absorption of nitrogen into calcium 
cyanamid : 
CG eae = CaC Nea 
The product contains 15 to 25 per cent. nitrogen and is used 
directly as a fertilizer. A cheap source of electrical energy is 
required. 


Circulation of Nitrogen.—The circulation of nitrogen is some- 
what more complicated than that of carbon. The diagram shows 
the various processes which it undergoes. 


1 Bulletin 63, Bureau of Soils. 
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Fig. 9—Circulation of nitrogen. 


Ammonia.—The air contains about one part of ammonia in 
fifty million. The column of air resting on an acre weighs about 
41,300 tons, which would contain about 1.5 pounds ammonia. 
Country air contains less ammonia than town air. The ammonia 
in the air probably comes from the decay of organic nitrogenous 
bodies, especially urine. The exhalations of volcanoes and 
fumeroles also contain ammonia, which may be due to the action 
of water on nitrides. 

Ammonia gas is absorbed by the foliage of plants, as has been 
shown by experiments such as the following of Peters and Sachs.+ 
The stem of a bean plant was cemented under a bell jar. The 

1 Johnson, How Crops Feed, p. 56. 
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leaves and foliage were within the jar, while the roots and soil 
were outside. The plant was supplied through tubes with air 
mixed with 4-5 per cent. carbon dioxide. Another plant in a 
similar apparatus was supplied with the same gases, but they 
were passed through a dilute solution of carbonate of ammonia, 
which gives off ammonia. After two months, the plant supplied 
with ammonia weighed, when dried thoroughly, 6.74 grams, and 
contained 0.208 gram nitrogen; the other plant weighed 4.14 
grams} and contained 0.106 gram nitrogen. The gain of nitrogen 
must have been caused by the absorption of ammonia by the 
foliage of the plant. If the entire plant and the soil in which it 
grew had been placed in the bell jar, ammonia would have been 
absorbed by the soil and presented to the roots. But the arrange- 
ment of the experiment eliminated this possibility, since the soil 
and roots did not come in contact with the ammonia at all. 

The ammonia of the atmosphere is in such small quantity that 
it has practically no effect upon plants. ‘This has been shown by 
experiments such as the following: Hellriegel' grew lupines in 
sterilized sand supplied with all plant food except nitrogen. The 
nitrogen content of both seed and sand had been previously ascer- 
tained by analysis. After the plants had reached their full de- 
velopment, both plants and soil were subjected to analysis, and 
the amount of nitrogen found was 0.007 gram less than was pres- 
ent in the seeds planted and in the original soil. The plants, - 
therefore, had lost a small amount of nitrogen, instead of gaining 
any from the free nitrogen, or from the ammonia of the air. 


Hydrogen Peroxide.—Country and sea air contains a small 
quantity of a powerful oxidizing agent, which, according to 
Schone,” is hydrogen peroxide, though it is often said to be ozone. 
This substance is destroyed by putrescible substances, and it 
destroys bacteria. The presence of hydrogen peroxide is thus 
evidence of the purity of the air as regards freedom from bacteria 
and putrescible bodies. Hydrogen peroxide does not occur in 
the air of towns or marshes, since any formed is instantly de- 
stroyed by the organic matter present. 


1 Exp. Sta. Record, 5, 844. 
- ? Berichte, 1880, p. 1503. 
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At Montsouris, near Paris, the amount of hydrogen peroxide 
in the air was estimated to be, for a period of thirteen years, on 
an average, about one part in 100,000,000. 


Hydrogen peroxide may be formed by electrical discharge 
(lightning) and in some processes of oxidation. It acts upon 
iodide of potassium, liberating iodine, which turns starch blue. 
Paper impregnated with potassium iodide and starch is a delicate 
test for ozone, or hydrogen peroxide, since very small quantities 
of these substances suffice to turn it blue. 


Other Constituents of the Air.—Nitric Acid.—Nitric acid occurs 
in the air, probably in combination with ammonia. It is formed 
by electrical discharges (lightning). The quantity of nitric acid 
in the air is very small, however, and the plants are unable to 
absorb any appreciable quantity directly from the atmosphere. 


Marsh Gas (CH,) is a colorless and odorless gas produced in 
the decay of vegetable matter under water, as in marshes, and in 
the digestion of hay and other food by herbivorous animals. 
Small quantities of it occur in the air. 


Sulphur dioxide may occur in the air in the neighborhood of 
smelters, factories, or in towns. If present in appreciable quan- 
tity, it is injurious to vegetation. It is evolved from the oxida- 
tion of sulphur. during the combustion of coal. 


Dust particles, organic matter, and salts from the evaporation 
of the spray of the sea, are found in the air. 


Bacteria are also present, in much greater numbers in the city 
than in the country. Levy found 345 per cubic meter in the air 
of Montsouris, 4,790 in the air of Paris (average of 13 years). 


Argon, which is found in the air, is a gas related to nitrogen 
and is apparently incapable of entering into chemical combination. 
It has no agricultural importance. Associated with argon in the 
air, in very small quantity, are the other gases of similar char- 
acter, namely, neon, helium, krypton, and zenon. 


Composition of Rain Water.—Rain is water that has been con- 
verted into vapor by the sun, and condensed again into rain. In 
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its passage through the air, rain water takes up ammonia, nitrates, 
dust, chlorides and other constituents of the air. Rain water, 
therefore, though it is the purest natural water, is not absolutely 
pure. 

In exceptional cases it has been known to contain so much dust 
as to assume a red or black color. It usually contains a small 
amount of chloride of sodium and sulphates. The following is 
a summary of a large number of analyses of rain water made by 
Angus Smith.* 


ANALYSES OF RAIN WATER—PARTS PER MILLION. 


* 
Chlorides Sulphates 
(as sodium | (as sodium | Ammonia | Nitric acid 
chloride) sulphates) 


Scotland— 
Five coast country places -. 20.3, 6.4 0.48 0.37 
Twelveinland country places 5.6 Bo 0.53 0.31 
Six towns .---.----.s. sees. 9.7 19.2 3.82 1.16 
England—six towns.-.---..-- 14.4 60.7 4.99 0.85 


We find from the table that the coast rain water contains more 
salt (sodium chloride) than the rain of inland places. This is 
due to the salt spray from the sea which is broken up into fine 
particles, and carried by air currents for long distances. The 
effect of the sea, upon rain water is often noticeable for a hun- 
dred miles inland. 

Comparing rain water of the city and of the country, we find 
that the former is marked by the presence of considerably more 
sulphates and ammonia, and that it also contains free acid. The 
increased quantity of sulphates and the sulphuric acid in the rain 
water of cities can be traced to the combustion of coal contain- 
ing sulphur. 


Combined Nitrogen in Rain Water.—The atmospheric ammonia 
and nitric acid-are chiefly of importance from the fact that they 
are brought to the soil in rain, dew or snow, and thereby afford 
nourishment for plants. 

The quantity of combined nitrogen in the rain has been ascer- 

1 Jour. Chem. Soc., 1872, p. 33. 
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tained at a number of Experiment Stations,’ by determining the 
quantity and composition of each rainfall. The results of a 
number of series of observations, each extending over a period of 
a year or longer, are summarized in the following table: 


COMBINED NITROGEN IN RAINFALL PER YEAR IN POUNDS PER ACRE. 


(a) | (b) (a + b) 


Total 
Nitrogen | Nitrogen as| Combined 
,as ammonia | nitric acid nitrogen 
Temperate Zone— | | 
Average of 22 places ................. 572) al 25276 7-99 
Maximum (Proskau)...-.-..--....... 12.95 61077 5 | egraR 
Mivimum (New Zealand) ----.......- 0:50). | site 1.63 
Minimum (Ploty))-..---eeeeeeeee- -- Geetha 0.24 3.62 
Rothamsted, England.....---.- ...-- Aes | Mave hes 4.08 
KANSAS sive ce oterete ic0h eee eta cs 2.62 | TROAL, 1 3.66 
| 
Tropical Zone— | 
Average 8 places .....---..+-.-..+.0.-. A200, | Beigye) 7-59 
Maximum (Venezuela)....---........ TASO5....| — 19.25 
Maximum (Reunion) .-.---.-........ ia 6.24 | os. 
Minimum (Hast Java) --.------------. Teese | O52 1.88 


There appears to be considerable variation in the quantity of 
combined nitrogen brought to the earth by the rain; the average 
for the temperate zone is 8 pounds per acre. This is sufficient 
to produce approximately 5.3 bushels of corn, including leaves 
and stalk. But it is probable that the water which percolates 
through the soil, in humid regions, takes out more combined 
nitrogen than is brought down by the rain. 


Arid and Humid Climates.—In a humid climate, the rainfall is 
sufficient, or more than sufficient, for the production of culti- 
vated crops. In an arid climate the rainfall is insufficient in 
quantity, and crops can be grown only through irrigation, or by 
means of special methods of culture. The character of the rain- 
fall also influences the relation of the climate towards crops. 
A comparatively small amount of rain distributed through the 
growing season may give a locality the characteristics of a humid 
region, while a heavier .rainfall so distributed that very wet 


1 Miller, Jour. Agr. Sci., 1905, p. 280. 
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periods are followed by long intervals of little or no precipita- 
tion, may give an arid or semi-arid climate. When the average 
annual rainfall is 20 inches or below, it is generally assumed 
that crops cannot be grown without irrigation. 


Soil Atmosphere.—The gases which occupy the pores of soils 
differ in composition from the atmosphere, chiefly in the fact 
that they contain much more carbon dioxide (about 0.25 volume) 
and less oxygen, and vary more in composition. In addition, 
there is another atmosphere dissolved in the water and colloids 
which consists of nitrogen and carbon dioxide and contains 
practically no oxygen.* 

The oxygen of the soil atmosphere performs the following 
functions : 

(1) It oxidizes the organic matter, producing carbon dioxide. 
Bacteria play an important role in this change. In the absence 
of air, putrefaction takes place, with production of acid or bad 
smelling bodies. 

(2) It is necessary for the oxidation of organic nitrogen or 
ammonia to nitrates. 

(3) It is necessary for the roots. 

(4) It oxidizes partly oxidized mineral compounds, stich as 
ferrous or manganous salts. 

The nitrogen of the soil atmosphere is fixed by legumes, in 
co-operation with certain bacteria, producing organic nitrogenous 
compounds. 

The carbon dioxide of the soil atmosphere is formed by pro- 
cesses of oxidation, and it is also evolved by the roots of plants. 
If not removed with sufficient rapidity, it excludes oxygen, and 
thereby interferes with the normal processes of the soil. The 
carbon dioxide of the soil increases the solvent action of the soil 
water, thereby aiding in the disintegration of the minerals of 
which the soil is composed, and in the solution of plant food. 


Processes of Soil Ventilation—The exchange of gases between 
the atmosphere and the soil atmosphere depends to a considerable 
extent upon the character of the soil. A coarse-grained, open 

"1 Russell and Appleyard, Jour. Agr. Sci., 1915, I 
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soil is much more easily ventilated than heavy, stiff soils. In- 
deed, it is possible that processes of oxidation take place too 
rapidly in some porous soils, resulting in the rapid loss of nitro- 
genous material and consequent poverty of the soil. 

The particles of air in the soil tend to move out ‘into the atmos- 
phere, and those without move in. This process, known as 
diffusion, though a slow process, aids in soil ventilation. 

Air expands when its temperature is raised, and contracts 
when it cools. ‘These changes also aid in soil ventilation. So 
do the expansion and contraction resulting from barometric 
changes. Gusts of wind exert a suctional effect. When water 
is removed from the soil, air enters in its place. 

The dissolved air brought down by rain also assists in soil 
ventilation. 


CHAPTER IVa 


/ ORIGIN OF SOILS. 


The soil is the solid outer covering of the earth, which, by 
being disintegrated into particles, and provided with organic 
matter and nitrogen, has become capable of sustaining the growth 
of cultivated plants. 

The® chemical composition and physical character of the soil 
are closely related to the material of its origin and its mode of 
formation. 

Geology teaches that ages ago the surface of the earth was a 
mass of rock, formed by the solidification of molten material. 
Since then mountain chains have been elevated and razed, and 
succeeded by new mountains which have been likewise eroded 
and succeeded by others. Lakes have been filled up or drained, 
rivers have eroded channels and deposited sediment. Land now 
dry has been deposited under water. Great changes of climate 
have occurred. During one period the vegetation was tropical 
im character. At another time, the climate was colder, and 
immense sheets of ice covered the northern part of North Amer- 
ica. Races of plants and animals have appeared and disappeared. 
The agencies. of the air and water, have broken up rocks, 
carried the particles away, and laid them down, perhaps to be 
formed into rock, elevated into land, and to go through another 
series of decomposition and rock formation. ‘This process has 
occurred over and over again. In this way a variety of rocks 
and a great many soils have been formed. 


Soils Formed from Rocks,—Soils are formed by air, water, heat, 
cold, and plant life, which are termed weathering agencies, acting 
upon rocks. ‘Fhe term rock in the geological sense, means any 
layer of the earth’s crust, whether hard or soft. Thus loose 
sand and clay are rocks to the geologist as truly as sandstone 
or granite. The soil chemist, however, does not consider un- 
consolidated surface deposits as rocks. A deposit formed by 
wave action, and afterwards elevated so as to become a soil, is 
not considered as a rock, but as a transported soil. 
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Weathering agencies act upon consolidated and unconsolidated 
rocks exposed on the surface of the earth, reduce the size of 
the particles, and change the rocks chemically and physically. 
The rocks are changed into soil capable of supporting the growth 
of cultivated plants. 

Broken rocks, however finely pulverized, do not constitute soil. 
Besides the mere mechanical breaking of the rock, two other 
processes take part in the conversion of rock into soil. First, 
a greater or less quantity of organic matter and combined nitro- 
gen are stored up. This process begins with the bare rock. 
Bacteria first appear. ‘These take up carbon dioxide and nitro- 
gen from the atmosphere and leave organic matter and nitrogen 
when they die. Then mosses and lichens begin to appear. 
They also have the power of taking nitrogen from the air. As 
the weathering agencies deepen the soil, the variety of plants 
increases but almost always some of the species are present which 
have the power of causing atmospheric nitrogen to enter into 
combination. ‘The residues left when the plants die, store the 
soil with organic matter and nitrogen. A small amount of or- 
ganic matter and nitrogen are contained in rocks.* 

The second change in the conversion of rock to soil is due to 
the fact that plant food becomes more easily taken up by plants. 
than it was in the original rock. ‘This is in part due to chemical 
changes, and in part to the action of the organic matter which 
has been added, but perhaps to the greatest extent to the work- 
ing over of the plant food by the past generations of plants. 


Weathering Agencies.—Weathering is the term applied to the 
natural decomposition or breaking up, of rocks, and weathering 
agencies are the agencies which do this work. Weathering and 
weathering agencies are studied by observing the changes which 
are now going on, and by comparing altered rocks with the 
original masses from which they were derived. 

Weathering processes are both mechanical and chemical. They 
are mutually helpful. Mechanical processes reduce the size of 
the rock fragments, thereby affording more surface for chemical 


1 Hall and Miller, Jour. Agr. Sci., 2, p. 343, 
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action. Chemical processes often disintegrate the rock into very 
fine particles. 

Changes of temperature, moving water, and ice, act mechanic- 
ally. ‘The chemical agencies are chiefly water and air. Plant 
and animal life act both mechanically and chemically. 


Changes of Temperature.— Changes of temperature act in sev- 
eral ways. 

(1)» Molten rock masses contract on cooling and become per- 
meated by fissures, cracks, and joints. 


Fig. 10.—Rock split by heat and cold. 


(2) Water enters into the cracks between rock masses, and, to 
some extent, into the pores of the rock. When this water freezes, 
it expands one-fifteenth of its bulk and exerts a tremendous force. 
It thus splits up rock masses, and disintegrates rocks which are 
porous. 


(3) Rocks are usually composed of two or more minerals, 
which expand differently under the influence of heat. Heat 
causes the different minerals to expand and to press on one an- 
other, and cold makes them contract and move apart. In time 
these movements so impair the coherence of the particles as to 
cause gradual disintegration of the rock. 

(4) Large pieces have been observed to split off from bare 
rocks exposed to the sun. ‘This is due to expansion under 
the influence of heat, and can take place to any extent only 
on mountain sides where the fragments fall away from the rock 
surface. 
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Moving Water and Ice.—Water, moving from higher to lower 
levels, uses the rock particles it carries as tools to scour channels 
even in the hardest rocks. The sides of the channel, being under- 
mined by the stream and loosened by frost, fall into the stream. 
The rocks grind each other to smaller fragments. All of this 
material is on its way to the sea or to a lower level and is ground 
finer as it is carried on. 


Fig. 11.—A glacier in the Alps. 


The rate of movement depends upon the size of the rock, and 
the size and velocity of the stream. A portion of the material 
is deposited by the stream, perhaps building up alluvial soils, but 
sooner or later the stream will begin moving it towards the sea 
again. Water-borne materials are sorted, that is, material of 
. nearly the same size is deposited together. Layers of different 
material may alternate, varying with the velocity of the water 
current. 

Rivers of ice, or glaciers, are formed in very cold climates, or 
flow from the sheets of perpetual snow covering high mountains. 
They move slowly, grinding rocks together with enormous force, 
and form deposits different in character from those of rivers. 
The fragments are more angular and the deposit consists of all 
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sizes of particles together. It is said that the Rhone, which 1s 
fed chiefly from the glaciers of the Alps, carries such a volume 
of rock dust that its muddy waters may be traced six or seven 
miles after they have entered the Mediterranean. The action of 
glaciers is mechanical ; the rock is ground up, but not decomposed. 


Chemical Action of Water and Air.—Water acts chemically 
upon rock-minerals by solution and by hydration. Rain, in pass- 
ing through the air, dissolves oxygen, carbon dioxide, and other 
substances. In the soil the water absorbs acids formed by the 
decay of vegetable matter. ‘These substances aid in its weather- 
ing action. ; 


Hydration is a chemical change in which the mineral combines 
with water. Some minerals take up water, increase in bulk, and 
fall to a powder. Hydrated silicates are formed from various 
silicates. 


Solution.—There are very few minerals which do not give up a 
portion. of their constituents to water, though the amount of 
material that goes into solution is usually very small. If pulver- 
ized felspar, amphibole, etc., are moistened with pure water, the 
latter at once dissolves a trace of alkali from the mineral, as 
shown by its turning red litmus blue. This solvent action is slight 
on a smooth mass of the material, being limited by the extent of 
surface. Pulverization, which increases the surface, increases 
the solvent effect considerably. 

This solution involves a chemical change, new bodies with new 
properties being formed. Carbon dioxide and oxygen aid the 
action greatly. For example, potash feldspar is decomposed by 
water with the formation of potassium silicate and aluminium 
silicate. In the presence of carbon dioxide, potassium carbonate 
is produced and hydrated silica set free, the quantity depending 
upon the amount of carbon dioxide present. A lime feldspar is 
decomposed in the same way, and the calcium carbonate dissolved 
by aid of the carbon dioxide the water contains. Silicates of iron 
are decomposed with the production of hydrated oxides of iron 
and silicic acid. If the silicate is a ferrous silicate, the iron is 
oxidized by the oxygen in the water. 
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Carbonic acid increases the solvent power of water. Rain 
water contains from 5 to 10 parts (by volume) of carbon dioxide. 
River and spring waters contain more, but most of it 1s in com- 
bination with lime. ‘The capillary water of soils containing much 
organic matter, holds more carbonic acid in solution than river 


or spring water. 


Fig. 12.—Limestone cavern. 


Water containing carbon dioxide is especially active in dissolv- 
ing carbonate of lime or limestone, and removing it from the soil 
or rock. Carbonate of lime is slightly soluble in water (20 parts 
per million), but much more soluble in water containing carbon 
dioxide, owing to the formation of calcium bicarbonate : 


CaC@, {Hees C.a( HCO.) 


Water saturated with carbon dioxide dissolves about 880 parts 
per million. This solvent action has resulted in the formation 
of large caverns in limestone regions. 


Oxygen is also dissolved in most natural waters, and acts upon 
the ferrous or manganous compounds which occur in a great 
number of minerals. When oxidized, these occupy a larger space 
than before, and thus hasten the disintegration of the minerals 
containing them. Some ferrous silicates are oxidized rapidly on 
exposure to moist air, falling into a brown powder in a few weeks. 
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As a rule, silicates containing much iron are easily changed by 
weathering agencies. 


Action of Animal and Vegetable Life.—Animal and vegetable 
life act on rocks, both by their living activities and the decay of 
their remains. Vegetation .acts both mechanically and chemically 
upon the soil and rocks. Roots of plants penetrate the crevices 
of rocks, and, as they grow, split even large rocks. The shelter 
of growing plants keeps the rock surface moist, thus enabling the 
water to act upon the rock, and the carbon dioxide excreted from 
roots, adds its effect to that derived from other sources. Plants 
take up material, which, under natural conditions, returns to the 
soil in a modified form. 

Earthworms in some cases bring to the surface large quantities 
of soil, most of which has passed through their intestines and 
undergone mechanical and chemical changes. 

Vegetable or animal residues aid weathering in several ways: 

(a) By maintaining more moisture in the surface of the soil. 

(b) By supplying copious quantities of carbonic acid. ‘The 
following figures of Boussingault and Levy’ exhibit the amount 
of carbonic acid in the air of the soil under different conditions : 


Carbonic acid in 
10,600 parts of weigh t 


(OREN ORES ST) eek Stel er i 6 
Antrim Sandy SHDSOM OL TOTESE, osc... 6. oe ee ee ele arene 38 
Nite laMy SUDSOM OR TORESE.). «.- 5.66. 6 cases s Senaven 12 
mae SUGEACe SOM OL LFOLESE. 2. i... 6. ous coo as cia 130 
PIterOm uSirrace SOU OL pasture: .......52.o. seer 270 
Ainerom surrace soil rich in humus. .......2.0.62s00 543 
Newly manured sandy field in wet weather......... 1413 


(c) By direct action of organic acids such as acetic, propionic, 
“humic,” etc., which are found in vegetable matter or produced 
in its decay. 

(d) By furnishing a medium for the activity of the lower soil 
organisms, such as bacteria and molds. 


Products of Weathering.—The general tendency of weathering 
is towards the production of simpler compounds from more com- 
1 Jahresber. der Chem., 1852, p. 783. 
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plex ones. ‘The oldest rocks (which are igneous in origin) con- 
tain complex silicates of aluminium, iron, potassium, sodium, 
lime, etc. ‘The tendency of weathering is to reduce these to 
simple compounds, such as silica, hydrated oxides of iron, hy- 
drated silicates of aluminium, carbonates or sulphates of lime 
and magnesia, chlorides of sodium and potassium, and silicates 
of magnesia. The complex silicates are not changed directly to 
these simple bodies, but various intermediate products are formed. 
A long period is required for this process to become complete, 
so that in many soils all stages of the change may be present, 
from particles of the original minerals, through various hydrated 
silicates derived therefrom, down to the simpler compounds. 
The conditions under which the weathering occurs determine the 
degree of decomposition. If the weathering agencies are chiefly 
mechanical, the rock may be reduced to a powder with little 
chemical change. 

Loss of Material by Weathering.—In every case of weathering, 
a greater or less portion of the constituents of the rock have been 
carried away. An estimate of the loss may be made where the 
soil rests directly upon the rock from which it is derived. 
Samples of the soil, and of the unchanged rock beneath it, are 
subjected to analysis. We assume one ingredient of the rock has 
lost nothing in weathering, and calculate the quantity of the origi- 
nal rock containing the amount of this ingredient found in 100 
parts of the soil. This gives us the quantity of original rock 
from which 100 parts of soil was secured. When the composition 
of both is known, it is a simple matter to calculate the loss of each 
ingredient. 

Suppose, for example, the original rock contained 30 per cent. 
alumina, and the weathered product contains 45 per cent. alumina. 
It being assumed that no loss of alumina took place, 150 pounds 
of the original rock would contain 45 pounds of alumina; that is, 
150 pounds has weathered to 100 pounds. If the original rock 
contained 2 per cent. magnesia, and the weathered product 0.5 
per cent., then 150 pounds contained 3 pounds, and we have 
0.5 pound left, giving a loss of five-sixths or 83% per cent. of 
magnesia. ‘Two assumptions are made in this procedure; one 
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being that some constituent has not been lost at all, the other 
being that the rock from which the soil was derived was exactly 
the same as the underlying rock. As neither assumption is 
strictly true, the method gives merely approximate results. 

The following figures, secured by the method outlined above, 
are compiled from Merrill’s “Rocks, Rock Weathering and Soils.” 


CALCULATED PERCENTAGE LOSS IN WEATHERING. _ 


Siete | Apcansas | *mestonel tauemmalimaryiand 

Siltean(SiOs) yes: setter asia 5 2e5 52.3 oO Bia 43.6 
Alumina (Al,O,) .--- --.- re) oO 11.4 oO oO 

Ferric oxide (Fe,O,)------ 14.4 86.2 89.6 50.2 41.5 
Lime (CaO)....--..------ 100.0 57-9 98.9 84.5 44.2 
Magnesia (MgO)......... 74.7 82.1 89.4 74.1 76.2 
POPS RO!) ese ews ss 83.5 81.9 66.3 61.7 47.1 
Soda (Na,O) -------+--.-- 95.0 | 97.1 53-3 = = 


The order in which these constituents are lost varies with the 
rock and the conditions ; the following is the mean order in seven 
cases: 

(1) Lime, (2) potash, (3) magnesia, (4) soda, (5) iron, (6) 
silica, (7) alumina. ‘That is, the greatest loss is usually of lime, 
the next greatest is potash, and so on. The figures given in the 
table preceding are sufficient to show the profound change which 
may occur in the transformation of rock into soil and the large 
amount of material which is carried away during weathering, 
probably for the most part dissolved in water. 


Sedentary and Transported Soils——A sedentary soil is a soil 
derived from the weathering of a rock in the present location of 
the soil. On making an excavation, if the soil is sedentary, we 
find the following: First, the surface soil; then the subsoil, lighter 
in color but of the same general character; and at a lower depth, 
we find the subsoil mixed with fragments of partly weathered 
rock. The fragments increase in quantity until finally we come 
to the solid rock. We thus observe a gradual transition from 
soil to rock, and therefore infer that the overlying soil is derived 
from the decomposition of rock which formerly occupied its 
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- position. ‘The soils derived from limestone deposits in Kentucky 
and in Texas are sedentary, and so are the soils derived from 
granite and other igneous rocks which are common in the Pied- 
mont plateau of the Atlantic states. Old sedentary soils, from 
whatever kind of rock derived, are as a rule clays colored by iron. 
The various mineral constituents are often in an advanced stage 
of decay, the more soluble constituents having been largely 
washed out. 

A section of the soil may not show a gradual change to the 
underlying rock, but the change may be abrupt and sudden. 
Such a soil may be formed when the soil particles are brought 
from other localities, and deposited, in which case the soil is 
termed a transported soil. 


Colluvial and Cumulose Soil.—A colluvial soil is one which 
has been removed, to some extent, from the original position, so 
as to mingle with other rocks and layers, as when a soil is 
washed or moved down hillsides or sloping land. Such soils 
commonly “creep”? or have a slow annual movement. Colluvial 
soil particles have been partly moved by water, but have not 
been laid down under water as have alluvial soils. A cumulose 
soil has been formed by the accumulation of vegetable matter, 
such as occurs in swamps. Peat and muck are cumulose. 


Soils from Igneous Rocks.—Igneous rocks are formed by the 
cooling of molten matter which has been spread out upon the 
surface of the earth or injected between layers of other rocks. 
Metamorphic rocks were laid down by water or other agencies, 
but were afterwards subjected to such intense heat and pressure 
as to crystallize minerals in them. ‘ 

The physical and chemical character of the rock and of the 
soil which may be derived from it, depends upon its chemical 
composition and the rapidity with which the igneous rock solidi- 
fies. If the molten mass cools off rapidly, so that it solidifies in 
a comparatively short time, minerals do not have time to crys- 
tallize, and a hard, homogeneous, glassy mass is produced (glassy 
rock). If the molten material remains liquid for a long: time 
and cools slowly, the rock produced is a mixture of definite 
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minerals which can be easily distinguished (crystalline rock). 
Other conditions of cooling may give rise to a compact, stony 
mass, composed of minute crystals (stony rock) or to a rock 
containing large crystals of one or more kinds of mineral em- 


Fig. 15.—Microscopic appearance of granite. 


bedded in a stone or glass matrix (porphyry). ‘These differences 
in the structure of rocks of the same composition will give rise 
to different soils. Glassy rocks will produce more or less homo- 
geneous particles, while crystalline rocks will weather into par- 
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ticles of different kinds, perhaps composed of the different min- 
erals. 

The chemical classification of igneous rocks depends on the 
relative quantities of silica and bases present. Since silica is the 
acid portion of minerals, rocks containing 65 to 75 per cent. of 
silica are termed acid rocks, those containing 55 to 65 per cent. 
are called intermediate, and those carrying 40 to 55 per cent. are 
called basic. Crystalline acid rocks contain quartz, while basic 
rocks do not contain enough silica for free quartz to crystallize 
out. 

The granite group comprises rocks rich in silica and alkalies, 
containing 65 to 75 per cent. silica and 5 to 8 per cent. of alkalies, 
of which % to 2% consists of potash. They are, as a rule, much 
richer in potash than other igneous rocks, and form correspond- 
ingly better soils. 

Granite, the crystalline rock of this group, is very abundant, 
and soils derived from it are quite common. Granite soils are 
usually clay containing particles of quartz and mica, and they are 
often fertile, being especially rich in potash. Rhyolite, which 
is a porphyritic rock of this group, is extensively distributed in 
the western part of the United States. 

The syenite group of rocks resembles the granite group, except 
that the rocks contain less silica (55 to 65 per cent.) and more 
bases to correspond. Like the granites, the syenites are rich in 
potash. 

The diorite group contains about the same amount of silica as 
the syenites, but less alkalies and more lime and magnesia. 

The basalt group contains the basic rocks (40 to 55 per cent. 
silica). ‘These rocks contain small amounts of alkalies, and are 
rich in iron, lime, and magnesia. 

The soils of the Piedmont plateau, in the eastern part of the 
United States, are derived mostly from igneous or metamorphic 
rocks, and consist of sands and clays containing quartz and mica. 
This area extends from New York City to near the middle of 
Alabama. ‘The soils of the eastern Appalachian Mountain region 
are also of similar origin. An extensive area in Washington, 
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Oregon, and Montana is covered with soils derived from the 
weathering of basalt and other igneous rocks. 


Alluvial Soils.—The water falling on the ground and running 
off on its surface, carries soil particles with it. Streams'or rivers 


900 MILES 


Fig. 16.—Sketch map showing the flood plain of the lower 
Mississippi. U. S. D. A. 


take up particles of rocks or soil materials and carry them along. 
In time of flood, when both the volume and velocity of the stream 
are increased, this burden becomes much greater, since the carry- 
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ing power of water increases with the sixth power of the veloc- 
ity with which it moves. ‘That is, a river moving at the rate of 
four miles an hour may carry particles sixty-four times as 
heavy as a river moving at the rate of two miles an hour. While 
being carried, the particles are ground together and reduced in 
size. 

Whenever the velocity of a stream is decreased, it deposits a 
portion of its burden, the heavier particles being deposited first. 
Thus, when a swollen mountain stream issues from a gorge and 
spreads out over a plain, it deposits a portion of the material on 
the surface of the plain. When a river in flood leaves its banks, 
the velocity of the water is checked on spreading over the plain, 
and it deposits the coarser particles which it carries near the 
channel of the river. ‘The finer particles are carried farther, and 
are deposited in the swamps or low ground at some distance from 
the river. ‘The tendency of a river bearing rock debris is to build 
its banks up above the level of the surrounding country. The 
area over which a river spreads when in flood, is termed its 
flood plain, and the soil formed from the particles which it 
deposits is termed an alluvial soil. Some of the richest soils in 
the world are alluvial soils. The soils are deep, and as they 
receive the surface soil washed away from less fortunate regions 
from time to time, their fertility is maintained. The valleys of 
the Nile, of the Ganges, the Mississippi, the Red River, the 
Brazos, and others, contain some very rich soils which are allu- 
vial in origin. ‘The soils near the river are lighter in texture 
than those in the low grounds back from the river. The latter 
are very heavy, and difficult to work, but are often very pro- 
ductive. 

River deposits are stratified ; that is, the material is sorted and 
deposited in layers consisting of material of very nearly the same 
fineness. Layers of fine and coarse material may alternate ac- 
cording to river conditions. 

In arid regions, where the streams decrease as they flow from 
the mountains out upon the dry lowlands and are therefore com- 
pelled to lay aside a large portion of their burden, mountain 
streams may form wide-spread alluvial plains, which are called 
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piedmont (meaning foot of the mountain) alluvial plains. The 
streams which flow eastward from the Rocky Mountains have 
formed a continuous alluvial plain which stretches hundreds of 
miles from the base of the mountains, the deposits being in places 
500 feet thick. These deposits are now being eroded and re- 
worked by streams. 
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Fig. 17.—Profile showing how a river builds up its banks 
near the channel. U.S. D. A. 


Alluvial soils, especially if deposited by large rivers, are 
derived from a mixture of minerals from different sources. The 
soils are more or less generalized and are usually very produc- 
tive. Alluvial soils are found near rivers in all sections of the 
country. ‘Ihe most extensive alluvial soils are those near the 
Mississippi River and its tributaries, especially the Red River, 
the Arkansas and the Missouri. 


Fig. 18.—Alluvial cones, Wyoming. 
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Glacial Soils.—A glacier is a river of ice. It carries upon its 
surface and within its mass, soil and rock fragments derived from 
the hills and cliffs which it passes. ‘This material consists of all 
grades of particles, from fine fragments to large pieces of rock. 
The rock fragments are usually angular, and some of them may 
be marked with parallel scratches. ‘These scratches are caused 
by a rock held in the moving ice and pressing against another 
rock in the earth’s crust. 


Fig. 19.—Unstratified glacial drift near Chicago. 


At the end of the glacier is deposited a mixture of earth and 
rocks of all sizes, which is known as a moraine. When the 
coming of a higher yearly temperature causes the front of a 
glacier to retreat, it leaves the surface of the earth covered with 
the mixed deposit characteristic of glaciers. ‘The deposit beneath 
the glacier, which is called till, is sometimes an extremely dense, 
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stony clay, having been compacted under the pressure of the 
moving ice. 

The northern part of the United States was once covered by a 
great glacier sheet, stretching down from Canada. Glacial soils 
are accordingly found in New York, Ohio, and other Northern 
States. Some of these deposits have been reworked by rivers 
until their glacial characteristics are no longer easily recognized. 
Glacial soils are especially important in New York and states 
north of it, and in the states north of the Ohio and Missouri 
Rivers. They frequently contain considerable amounts of car- 
bonate of lime. 
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Fig. 20.—Hypothetical map of glacial sheets of North 
America. Salisbury. 

The waters from the melting of the glacial sheet also carried 
ground-up material. ‘Though this was sorted by the water, it is 
different from ordinary alluvial soils. ‘These soils are found in 
the area adjacent to the glacial regions. 

Loess, finely ground material derived from glacial drift and 
transported by winds or flowing water, consists of grains of 
quartz, feldspar, mica, hornblende, with some limestone and clay. 
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Wind Blown Soils.—In any region where the soil becomes very 
dry and is not covered with vegetation, as in deserts or arid 
sections, the soil particles may be taken up by wind, and perhaps 
carried considerable distances. The attrition of the wind-borne 
particles reduces the softer minerals rapidly to dust, and harder 
minerals, such as quartz, more slowly. The dust and sand are 
separated, as the dust is carried farther. Wind-borne desert 
sands thus consist largely of quartz. Dust carried by upward- 
whirling winds into the higher currents of the air, is often trans- 
ported for hundreds of miles beyond the arid region from which 
it is taken. In rgo1 dust carried from the Sahara northward by 
a storm, fell with rain over southern and central Europe and as 
far north as central Germany and Denmark, causing a “black 
rain.” 


Fig. 21.—Dune sands, Lake Michigan. 


In northern China an area as large as France is deeply covered 
with a yellow pulverulent earth called loess, but which many 
consider a dust deposit blown from the great Mongolian desert 
to the west of it: The soils of some of our western States -are 
wind-blown soils. 

Even in humid climates, in many places along the seashore, or 
lake beaches, as in New Jersey or Michigan, the beach sand is 
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heaped by the wind into wave-like hills called dunes. Dunes 
whose sands are not fixed by vegetation, travel slowly with the 
wind, and they may invade and destroy forests and fields, and 
bury villages beneath their slowly advancing waves. River de- 
- posits on flood plains are often worked over by the winds during 
summer droughts, and much of the silt is caught and held by the 
forests and grassy fields bordering on the area. 

Wind-blown materials may aid in the formation of soils even 
in humid regions. Thus, Hall relates that a beach composed of 
coarse rocks (shingle) was found in years to have accumulated 
a few inches of a black powder, probably borne there by the 
wind. 
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Fig. 22,—Present distribution of deposits in the Atlantic near 
the United States. 


Soils from Oceanic Deposits—The more important oceanic 
deposits from which soils are derived are sands and sandstones, 
muds, shales, and other consolidated sediments, and limestone 
deposits. ‘The material of the oceanic deposits comes from the 
wear and tear of the waves on the shore, and from the waste 

1 The Soil, p. Io. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 73, 


brought down by rivers. It is estimated that the waste derived 
from cliffs, etc., along the seashore is about 3 per cent. of that 
brought down by rivers. 

Sands are deposited along the shores of the sea. Boulders, 
pebbles, and coarse sand, are deposited in order near in shore, 
and the finer sands farther out. Beach sand derived from rocks 
of neighboring cliffs or brought down by torrential rains from 
mountain regions, is dark, and contains grains of many minerals 
other than quartz. These sands contain more plant food and 
make richer soils than sands from low-lying shores. The white 
sand of low shore beaches, such as those on the east coast of the 
United States from Virginia to Florida, consists almost entirely 
of quartz grains. The other and softer minerals have been en- 
tirely beaten to mud and deposited farther out during the long 
period that the material has been exposed to the waves. ‘These 
sands are poor in plant food, but they are excellent soils for some 
purposes. 

Sandstone consists of sand grains cemented together by silica, 
carbonate of lime, or oxide of iron. Such deposits are widely 
distributed, and many soils are derived from them. The quality 
of the soil depends largely upon the origin of the sands. Quartz 
is sandstone, which, by the action of heat and pressure, has been 
metamorphosed in the crust of the earth. 

Muds are deposited beyond the sand deposits, and also in quiet 
water near shore, and in river deltas. Muds contain the finer 
particles from the wear of rocks. The soils derived from them 
contain more plant food than sands and produce longer, but are 
not adapted to the same kinds of plants. 

Muds may be consolidated into mudstone or shales or meta- 
morphosed by heat and pressure into schists and slates. Soils 
are formed by the weathering of all these deposits. 

Limestone deposits are formed from the shells of molluscs, and 
deposits of coral, and other marine organisms which secrete car- 
bonate of lime from solution in the sea-water, some of which are 
minute in size. These deposits are usually formed in the shallow 
water beyond the area in which mud is deposited ; they also make 
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up a large part of the deep sea deposit. Phosphoric acid is fixed 
in small quantities in these deposits. 

Limestone deposits may be metamorphosed into limestone rock, 
marble, or other crystalline forms of lime. By the weathering of 
such deposits, many fertile soils have been formed. Some old 
soils of limestone origin are practically free of carbonate of lime, 
and are very poor. 


Deposits in Lakes.—Lakes are not permanent, geologically, but 
are gradually filled with deposits of waste brought into them by 
rivers, unless the lake is drained before such filling takes place. 
The lake is first converted into a swamp, and finally into dry land. 

In lakes without an outlet, various salts are deposited. Such 
lakes can exist only in dry climates, where the loss by evaporation 
is equal to or greater than the amount of water brought in by 
rivers. Rivers carry with them not only visible waste, consisting 
of particles of rock in suspension, but also invisible waste, or 
material in solution, which consists of carbonate of lime, sulphate 
of lime, chloride of soda or common salt, etc. This waste ac- 
cumulates in lakes having no outlet. Deposits of gypsum (sul- 
phate of lime), salt, carbonate of lime, and other salts, are left 
when such lakes dry up. The carbonate of lime is ‘first deposited, 
then gypsum. As the liquid becomes more concentrated, com- 
mon salt is deposited, next sulphate of magnesia, then potash 
salts, and chloride of magnesia. The deposition may be checked 
by influx of water at any stage, the deposits already made being 
perhaps covered with mud, and a new series of deposits started on 
top of these. The German potash salts are supposed to be of 
such origin. 

Peat and Muck Soils—When a soil is saturated with water, 
vegetation does not decay as rapidly as in a drained soil, but 
accumulates, forming a peat or muck soil. Peat soils are also 
formed in cool and damp climates, by the growth of a moss, 
which is able to hold water tenaciously. 


Soil Provinces of the United States—The Bureau of Soils! of 
the U. S. Department of Agriculture divides the United States 
1 Bulletin No. 55. 
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into thirteen provinces, based chiefly on climate, origin and topog- 
raphy of the soils, ‘These are better shown in the map than 
described. Two great divisions are based on climate; first, humid, 
and second, arid and semi-arid. ‘The soil provinces are as follows: 


Humid Division.—1. Atlantic and Gulf Coastal Plains —These 
consist of a belt of land narrow in New Jersey but much wider 
towards the south. ‘The surface is a plain cut into hills and 
valleys by rivers, about 200 to 300 feet above sea level along the 
inner margin, but nearer the coast it has many areas with deficient 
drainage. ‘The soils are made up of gravels, sands, and sandy 
clays. ‘The deposits on the Atlantic coast are derived from the 
Piedmont Plateau through oceanic agencies, while the deposits on 
the gulf coast are derived from material transported from glacial 
deposits and from the western plains. There are also some soils 
derived from limestone deposits. 


Fig. 23.—Shell rock, Florida. 


2. Piedmont Plateau.—This area lies between the coastal plain 
and the Appalachian Mountains, and is most extensive in Vir- 
ginia, North Carolina, South Carolina, and Georgia. The alti- 
tude varies from 300 to over 1,000 feet above sea level. ‘These 
soils are derived largely from the weathering of igneous and 
metamorphic rocks in place. The prevailing series of these soils 
are the Cecil series and the Chester series. Both these series 
usually contain mica and quartz. 
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3. Appalachian Mountains and Allegheny Plateau.—The soils 
of the eastern ranges of these mountains are of igneous or meta- 
morphic origin, while those of the western ranges and the Alle- 
gheny plateau are of sedimentary origin. General farming is not 
practiced in a large part of this area on account of the uneven- 
ness of its topography. The land is, however, well suited to graz- 
ing and fruit growing. 


4. Limestone Valleys and Uplands.—These occur in narrow 
valleys among the Appalachian Mountains and plateaus near by, 
and in two large areas, one in central Kentucky and Tennessee, 
the other in Missouri and northern Arkansas. The limestone 
soils are derived from the weathering of limestone, and many of 
them contain but a small percentage of the original limestone 
rock. Each foot of the soil is the residue from the weathering 
of many feet of the rock. 

5. Glacial and Loessial Deposits ——This area covers a large por- 
tion of the United States, especially in the north-central states. 
A large portion of this area was covered by a great continental 
glacier, which in its southern movement filled up valleys, plowed 
off hills and mountains, and deposited the ground-up material 
varying from a few feet to over 30 feet in thickness. ‘The soils 
are partly till, or heavy clay compacted under the glacier, but 
largely “loess,” a fine silty deposit containing limestone and very 
fertile. Some of the material was brought long distances, but 
most of it is composed of ground-up underlying rock largely 
deposited from glacial streams. 

6. Glacial Lake and River Terraces—These are deposits 
formed by the Great Lakes, after the close of the glacial period, 
when they were much larger than they are now. Several terraces 
marked by the old shore line can be observed. The soils vary 
from beach gravels to off-shore deposits of heavy clays, and the 
material worked over by the water is partly of sedimentary and 
partly of igneous origin. 

7. River Flood Plains.—These soils are most extensive along 
the Mississippi and its tributaries, and along rivers in Texas and 
Louisiana, though soils of this group are found in all areas. The 
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deposits derived from various kinds of materials has been laid 
down by the river when in flood. Such soils are usually fertile, 
though they may not always be profitably cropped. 


Arid and Semi-Arid Division.—8. Great Basin—The soils are 
derived from a great variety of rocks and consist of colluvial 
soils of the mountain slopes, lake and shore deposits, stream 
valley sediments, and river-delta deposits. 


Fig. 24.—Soil provinces of the United States. Bureau of Soils. 


g. Arid Southwest——These soils occupy slopes at the foot of 
mountains, alluvial plains, sloping or nearly level plains, and 
stream valleys. The soils are colluvial, alluvial, and lake deposits. 
Without irrigation, these soils have little agricultural value. 

10. Residual Soils of the Western Prairie Regions.—These soils 
occupy the unglaciated part of the prairie plains. The rocks 
from which the soils are derived are of the carboniferous age 
and consist of sandstones, shales, and limestones. 

11. Northwestern Inter-Mountain Region.—The soils of this 
area consist mostly of residual material derived from basaltic 
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lava and in some cases granitic rocks. Some are derived from 
ancient lake beds. 

12. Rocky Mountain Valleys, Plateaus and Plains.—These soils 
are derived from a great variety of igneous, metamorphic, and 
sedimentary rocks. ‘The soils of the mountain slopes are usually 
of little agricultural value, while those of the plateaus, valleys, 
and plains range from grazing land of low value to soils adapted 
to fruit, sugar beets, and other special crops. 

13. Pacific Coast.—Soils found in this region range from 
residual and colluvial soils of the mountain sides, foot slopes and 
foot hills, to deep and extensive river flood plains and delta sedi- 
ments, and ancient and modern shore and lake deposits. Their 
value depends largely upon possibilities of irrigation, and local 
conditions of rainfall and temperature. 


CHAPTER Ve 


PHYSICAL COMPOSITION AND CLASSES OF SOILS. 


Soils are composed of particles of different sizes, ranging from 
over 2 millimeters to 0.0001 millimeter or less, in diameter. 
Many of the physical properties of soils are closely related to the 
relative abundance of particles of different sizes. "The surface 
area of a cubic foot of the particles increases with their fineness 
of division. The retentive power for moisture, the area exposed 
for chemical action and for the feeding of roots, the capillary 
action of the soil, etc., are closely related to the size of the soil 
particles. | 


Soil particles may be found independent of one another, but 
they are usually more or less united into crumbs, compound 
particles, or lumps. 


Mechanical Analysis.—By the mechanical analysis of a soil, we 
mean the estimation of the relative quantities of soil particles of 
different sizes. As the particles which make up the soil have 
almost an infinite variety of size, all that can be done is to group 
them, by placing all that are between certain dimensions in a 
certain group. The sizes selected for the groups, and the name 
given to each, are purely arbitrary. A number of systems of soil 
analysis is possible. The principal groupings of soil particles in 
mechanical analysis used in the United States are those of Hil- 
gard, and those of the Bureau of Soils. Other systems are used 
abroad. The Bureau of Soils makes seven separations. Dr. E. 
W. Hilgard has made a number of analyses based on the velocity 
of a current of water holding the particles in suspension, stated 
in millimeters per second (hydraulic value). For example, sand 
of 0.5 to 0.30 millimeter in diameter is held’ in suspension by a 
current of water moving at the rate of 64 millimeters per second. 

There has been little or no work to determine the classification 
of soil particles which would best correlate the properties of the 
soil with the physical analysis. So far as the writer has been 
able to find, the division into groups is arbitrary. 
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The following table compares the systems of Hilgard and of 
the Bureau of Soils: 


Bureau of soils Hilgard 


Naine Sizes of particles Sizes peparticles ay drake Name 
Stones, sticks, etc -. Over 2 
Fine gravel ......-.. 2-1 3-1 — Grit 
Coarse sand ......-- I-0.5 I-0.5 — | 
Medium sand ..... 0.5-0.25 0.5-0.3 64 | 
0.3-0.16 32) .anr Sand 
JEbhUCE NG rode SoS oc 0.25-0.1 0.16-0.12 TOM 
0,12-0.72 3o a} 
Very fine sand ..-.. 0.1-0.05 0.072-0.047 A) 
Siltiitinseeweaace Yer 0.05-0.005 0.047-0.036 2 | 
0.036-0.025 Tae: Silt 
0.025-0.016 OS 
0.016-0.010 0.25 J 
Clay nim tote eae eaaes 0.005-? 0,010- ? Clay 


It is possible, by combining some of the groups of Hilgard, to 
compare the results with analyses of the Bureau of Soils. As 
Hilgard* remarks, a subdivision of six or seven classes, as is 
made by the Bureau of Soils, is sufficient for a great many cases. 
There is, however, considerable difference in the properties of the 
grades of silt which are separated by Hilgard but grouped to- 
gether by the Bureau of Soils. 


Methods of Analysis.—For the separation of the finer particles, 
all methods of mechanical analysis take advantage of the different 
rates of subsidence of particles of different diameters when sus- 
pended in water. Methods such as that of Osborne depend upon 
subsidence under the influence of gravity in stationary columns 
of water. Hilgard’s method depends upon the difference between 
the action of gravity and the carrying power of a current of 
water. The Bureau of Soils throws down all except the clay 
particles by centrifugal force. Sieves are used for separation of 
the coarser particles; compound particles are broken down by 
shaking with water, or boiling. Since clay is liable to form com- 

1 The Soil. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 81 


pound particles, and otherwise interfere with the separations, it 
is removed first. 


Fig. 25.—Centrifugal machine used in mechanical analysis of soils. 


Method of the Bureau of Soils.\—The following is an outline 
of the method of mechanical analysis of soils used by the Bureau 
of Soils. Five grams of soil are shaken for six hours or longer 
with water containing a little ammonia, in order to decompose the 


' Bulletin 24, and Bulletin 84. 
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compound particles. The soil is then washed into a centrifugal 
tube, and the centrifugal machine run at full speed for about 
three minutes, the time depending on the speed of the machine 
and the quantity of suspended material present. The material 
in suspension is then examined with a microscope carrying a 
micrometer eye-piece, to see if any particles larger than clay 
(0.005 millimeter in diameter) remain in suspension. If larger 
particles are found, the centrifugal is run until they settle. When 
the water contains only clay particles, it is decanted. The residue 
is stirred up with water, the machine started, and the separation 
made as before. The operation is repeated until the clay has 
been all removed, as shown by a microscopic examination of the 
residue. The water is evaporated to dryness, and the clay 
weighed. 

The residue left in the tubes is brought in suspension with 
water, and allowed to settle, until microscopic examination shows 
only silt in suspension. This requires but a short time. The silt 
water is decanted, and the operation repeated until all the silt 
(less than 0.05 millimeter in diameter) has been washed out. The 
silt, after being allowed to settle, is collected, dried and weighed. 
The sand is then collected, dried, and separated into five groups 
by means of a nest of four sieves, two of brass with circular 
perforations 1 millimeter and 0.5 millimeter in diameter, and two . 
of silk bolting cloth with openings 0.25 and 0.1 millimeter wide. 
The various separations are then weighed. 

Hilgard’s Method.—The following is an outline of Hilgard’s 
method. (For full details see Wiley’s “Agricultural Analysis.” ) 
The two grades of grit are removed by sieves. Ten or 15 grams 
of the sifted soil are boiled with water to break up the compound 
particles, transferred to a beaker, mixed with water, and allowed 
to stand a short time until only the finest silt and clay remain 
in suspension. ‘The treatment with water is repeated until the 
water has removed all the finest silt and clay. The mixture 
of clay and silt-water is allowed to stand 24 to 60 hours, until all 
silt is deposited. "The sediment is rubbed with a rubber pestle, 
mixed with water, and allowed to settle again until free from 
clay. It is then dried and weighed. An aliquot of the clay-water 
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may be evaporated to dryness and the residue weighed, or the 
clay may be precipitated by coagulation with salt. 

The mixed sediments, containing the sand and all the silt ex- 
cept the finest, is‘placed in an upright glass cylinder, containing 
a rotating fan or churn, run by a suitable motor. This breaks up 
the compound particles. A current of water is run in so that it 
moves through the cylinder at the rate of 0.25 millimeter per 
second, until the water becomes clear. The particles carried over 
are allowed to settle, dried and weighed. ‘The current of water 
is increased to 0.5 millimeter per second, so as to remove another 


Fig. 26.—Hilgard’s apparatus for mechanical analysis by means 
of a current of water. 
grade of particles, and these operations are repeated until all the 
grades of particles are separated. 


Relation of Grain Size to Soil Texture.—This relation is studied 
by ascertaining the mechanical analysis of soils of known prop- 
erties, and also by investigating the properties of the various 
groups of particles separated in the analysis. 

In sands the coarser particles of the soil predominate. Such 
soils are open or porous, easy to cultivate, not very retentive of 
moisture, and warm up early in the spring. Coarse sands are 
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least retentive of moisture and most porous. Soils containing 
quantities of very fine sand are much more retentive of moisture. 

In heavy clay soils, the fine clay particles are present in large 
quantity. Such soils are very retentive of moisture, require much 
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Fig. 27.—Physical analysis of soil sample. Bureau of Soils. 
labor in cultivation, are likely to be tough and sticky when not 
ploughed at exactly the right time, are not easily penetrated by 
water, and do not warm up rapidly in the spring. Twenty per 
cent. clay particles usually make a soil difficult to work. 
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Soils with much silt and little or no clay, are likely to adhere 
to the plow very tenaciously when too wet. They plough fairly 
well when in right condition, but turn up in clods if ploughed 
when dry. Loams are intermediate between sands and clays, in 
physical character and in properties, and in general are good soils. 


The coarse soil particles, therefore, tend to make the soil more 
open and porous and more easily tilled. The fine particles tend 
to make the soil more compact and less easily tilled. The final 
resulfant depends upon the relative quantities of the different 
kinds of particles, as well as their chemical composition or their 
properties. The presence of a certain amount of clay in a sand 
is desirable. If no clay is present, the soil is lable to pack on 
wetting, but clay holds the particles into crumbs characteristic of 
a well tilled soil. Further, sands containing less than 4 per cent. 
clay have little power of retaining moisture and are particularly 
liable to suffer from drought. Sand particles in a clay will not 
diminish its stickiness, while silt particles make the clay less ad- 
hesive, though perhaps more heavy to work. 


Mechanical analysis is also to be interpreted with consideration 
as to the amount and distribution of rainfall and the temperature 
and the effect of the underground water. A light soil under 
heavy rainfall may behave like a heavier soil under light rainfall. 
A soil with ground-water at such distance that it may be brought 
to the roots of plants by capillary action, is in better condition 
than when the ground-water is deeper. 


' Classes of Soil Related to Mechanical Analysis.—Soils are 
classed as sands, loams, clays, etc., according to their physical 
characteristics. There is room for difference of opinion as to 
exactly what characteristics should be signified by each term. 
The classification is made partly by field observations, and partly 
by mechanical analysis. 

As a result of the mechanical analysis of a great number of 
soils, the Bureau of Soils' of the U. S. Department of Agriculture 
finds different types to have the following average composition 
(see table). 
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The predominance of various grades of material is well brought 
out in the table. For example, the coarse sands contain on an 
average 31 per cent. coarse sand particles, the sands 37 per cent. 
of fine sand particles, the fine sands 57 per cent. fine sand par- 
ticles. The clays contain 42 per cent. clay particles. 


AVERAGE COMPOSITION OF SOIL TYPES AS ANALYZED IN CONNECTION 
WITH THE SOIL SURVEYS. 


Soil classes ber of Fine | Coarse | oe Fine Gee Silt Clay 

7 : areal gravel | sand Gaulle and ean s 

Pete) wrct. | Pct Pct. | Pet. | Pet. |. Pet. 

Coarse sands......... 135 | 12 3I 19 20 6 7 5 
Sands race ece tar. 4ol 2 15 23 2H; ie 7 5 
Fine sands =).-=--- 511 I 4 @ te) 57 17 7 4 
Sandy loams....-...- 1,141 4 13 12 25 13 21 12 
Fine sandy loams....} 934 I 3 4 Bo 24 24 12 
oases enter 659 2 5 5 15 17 40 16 
Silt loams ..--....... 1,268 I 2 I 5 II 65 15 
Sandy clays.....-..... 162 2 8 8 30 12 13 27 
Clay loams .-...-.... 718 I 4 4 14 13 38 26 
Silty clay loams...... 765| — 2 I 4 7 61 25 
Glayaseciaee emer 1,970 I “3 eee 8 8 36 42 


The classification of soils with regard to physical composition, 
as used by the Bureau of Soils,’ is shown in the following table. 
The classification is controlled by field observations. 


CLASSIFICATION OF SOIL MATERIALS. 
Soils containing—2o silt and clay: 


25 + fine gravel and coarse sand, 
Coarse Sand *.20 (47) sean ) and less than 50 any other grade. 
Sana: __. .,, ) 25 + fine gravel, coarse and medium 
Py cod Sch i ed A Oe ‘/ sand, and less than 50 fine sand. 
: {50 + fine sand, or — 25 fine gravel, 
Mitie Sand 3 ort seerae gener / coarse and medium sand. - 
Wery fin@ Sand: -s seo cir ne eee 50 + very fine sand. 


Soils containing 20-50 silt and clay: 


\ 25 -+ fine gravel, coarse and medium 


Sandy ait s/o3e8s si we ee toe ee ) Sani. 

: 50 + fine sand, or — 25 fine gravel, 
Fine sandy loam....---.-.---. coarse and medium sand. x 
Sandy'clay/\«--.!---+ 020.5 ous 20 silt. 
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Soil containing 50 + silt and clay: 


LOanieePee so ene bet eietoe —20 clay, — 50 silt. 
(Se Toei) oo Ce DEORE OO Circe 20 clay, 50 + silt. 
Clay loam ..-- +--+ +--+. +--+e. 20-30 clay, — 50 silt. 
Silty clay loam -...---..-----. 20-30 clay, 50 +- silt. 
Clay it SO cE CREAMER DY CROMERO TORO CHERCS OR 30 - clay. 


The figures given represent per cent.; the minus sign (—) 
represents, less, and the plus sign (-+) represents more; and the 
sign (-) when used between two figures, thus 20-50, gives limit- 
ing values, and should be read from 20 per cent. to 50 per cent. 
Thus, 25 + means 25 per cent. or more; — 25 means less than 
25 per cent. 

For example, a soil containing less than 20 per cent. silt and 
clay and over 50 per cent. fine sand, would be called a fine sand. 
A soil containing over 50 per cent. silt and clay particles and over 
30 per cent. clay would be called a clay soil. 


Relation of Chemical Composition to Soil Texture—The effect 
of the physical composition of a soil is modified by the chemical 
character of its constituents. The three important modifying 
constituents are organic matter, colloidal clay, and carbonate of 
lime. 

Organic matter binds a loose soil, and lightens a heavy soil, 
and thus reduces the difference between them. When there is a 
large quantity of organic matter, the mechanical analysis loses 
much of its significance. 

Carbonate of lime (1 to 2 per cent.) also lightens a clay soil 
and otherwise modifies its properties. For example,’ the follow- 
ing pairs of soils had similar physical composition but differed 
decidedly in properties: 


Per cent. carbonate lime 


Holsey green | Rothamsted 


(a) Too sticky to be cultivated.....------+.++++-- 0.48 0.16 
(b) Heavy soil, but works well ..-.--..---.--++-- 1.02 3.0 


1 Hall, Jour. Agr. Sci., 1911, p. 187. 
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It is very well known that calcareous clay soils are more easily 
cultivated and break up better than similar soils deficient in lime. 

The clay particles, so called, may be composed of quartz dust, 
hydrated oxide of iron, gelatinous silica, carbonate of lime, hy- 
drated silicates, and of true clay, which is hydrated silicate of 
alumina. ‘These substances have different properties, and the 
composition of the clay particles undoubtedly influences the char- 
acter of the soil. The term “Klay” has been proposed to distin- 
guish the clay particles in a soil from the hydrated aluminium 
silicate termed clay by the chemist. 

True clay is present in the soil in two forms. First, as colloidal 
clay in a swelled condition; and second, as clay in non-colloid, 
or shrunken condition. In the colloid condition, clay remains 
suspended in water indefinitely. Small amounts of lime and other 
substances coagulate the clay and cause it to separate out in 
flakes. When the coagulating substance is removed, the clay 
again becomes colloidal. ‘This may be easily shown by washing 
a clay soil with acid to remove lime, then with water, and shak- 
ing it with ammonia. Clay will enter into suspension and remain 
suspended a long time, but if ammonium sulphate, ammonium 
carbonate, or other salts are added, the clay quickly separates in 
flakes. 

Colloidal clay was prepared by Schloesing.t He brought the 
clay into suspension in water, as in the mechanical analysis of a 
soil, and precipitated the clay with a small quantity of acid, 
collected the colloidal clay on a filter, and washed with distilled 
water. ‘The residue on the filter was treated with ammonia, and 
diffused in a considerable quantity of distilled water. This was 
then left until deposition ceased, which required several months. 
The microscope could then no longer detect particles of visible 
dimensions in the solution. The liquid was decanted off, and the 
colloidal clay precipitated by the addition of a small quantity of 
acid. It dried to a translucent, horn-like mass. According to 
Schloesing, even the stiffest natural clays seldom contain more 
than 1.5 per cent. of such true colloidal clay. 

Colloidal clay has much higher binding properties than shrunken 

' Chimie Agricole, 1885. 
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or coagulated clay. The tenacity of a soil containing colloidal 
clay is greatly influenced by its condition. If the clay is in its 
fully swelled condition, the soil exhibits its maximum cohesion, 
and if a sufficient quantity of clay is present, it will be quite im- 
pervious to water. If the colloidal clay is in a shrunken coagu- 
lated state, the same soil may be pervious to water and susceptible 
of successful tillage. 

Boiling in water, freezing, working the wet soil, alcohol, ether, 
sodium or potassium hydroxides, ammonia, and sodium or 
potassium carbonates, cause the clay to swell and increase its 
colloidal properties. These agencies, therefore, tend to make 
clay soils more impervious, sticky, and difficult to work. Lime, 
magnesia, bicarbonate of lime, certain acids, such as hydrochloric 
or sulphuric, and certain salts such as sodium chloride, sodium — 
sulphate, calcium sulphate, coagulate the clay particles. ‘These 
substances, therefore, tend to make clay soils less sticky and more 
permeable to water. 

If clay is washed and kneaded when wet, it becomes plastic 
and sticky, and may be moulded into forms which retain their 
shape and become hard and stony when dried and baked. Ad- 
vantage is taken of this property in the manufacture of brick, 
earthenware, and chinaware, but it is not a desirable property in 
a soil. 

Hydrated oxide of iron, and some of the other bodies which 
occur in the clay separation do not have the binding properties of 
true clay, and if present to any considerable extent, the soil may 
not have the characteristics which would be expected from the 
quantity of clay init. Hilgard,’ for example, finds that a certain 
clay soil containing 40 per cent. of clay was scarcely as adhesive 
as another soil containing 25 per cent. of clay, and not nearly as 
sticky when wet as a third soil containing 33 per cent. clay. The 
soil first named, however, was rich in ferric hydrate, a large por- 
tion of which is probably in the clay particles. ‘This accounts for 
the behavior of the soil. Ferric oxide appears to diminish the 
tenacity of a clay. 

Rivers which contain little lime are turbid from presence of 

1 The Soil, p. Loo: 
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clay, but 70 to 8o milligrams lime per liter precipitates the clay 
and leaves the water clear. 

Calcareous clays are very sticky when wet, but many of them 
disintegrate into a mass of crumbs on drying, thereby producing 
good tilth, even though worked when wet. Non-calcareous clays 
under such conditions are likely to contract into stony masses. 
The exact proportions of carbonate of lime necessary to produce 
this condition of the soil remains to be determined. 

The black prairie soil of Texas locally called “black waxy” and 
termed the “Houston black clay’ by the Bureau of Soils, is an 
example of this kind of soil. When wet it is gummy and waxy, 
but when dry and well cultivated it is friable and easily worked. 
This soil contains 1 per cent. or more of lime. Clay, unlike 
silt, chalk, and humus, increases greatly in coherence when it 
dries, and finally becomes a hard, solid substance. 

Nature of Tilth..—lf the particles of a soil are each inde- 
pendent of the other, so that their relative positions are easily 
shifted by gravity or water, they are said to possess the single- 
grain structure. Such soils, if sandy, are loose, and become as 
compact as their particles allow. Clay soils of this character are 
very sticky when wet, and if worked while wet form clods on 
drying. 

A soil which, when plowed, breaks up into a mass of compound. 
particles of various sizes, loosely piled upon one another and 
separated by comparatively large interspaces, is said to possess 
the crumb structure and to be in good tilth. ‘The crumbs may be 
held together by moisture, clay, humates, carbonate of lime, and 
sometimes silica and oxide of iron. 

Crumbs of sand held together by water collapse on drying. 
Clay is frequently the substance which holds the crumbs together ; 
in such case, the crumb structure remains even after the land 
dries out. Beating rains and cultivation while too wet destroy 
these crumbs. 

Soil particles united by carbonate of lime, humates, silica, or 
oxide of iron are more or less permanently comented into com- 
pound particles. In some calcareous soils we find sandy and silt 

1 Warington, Physical Properties of Soil, p. 36. 
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concretions varying from several inches in size to microscopic 
proportions. Humus is a great aid in securing good tilth. 

Compound particles are also formed by.natural processes, due 
to changes in temperature, or to changes in moisture content. If 
the soil is beaten or mixed when too wet, compound particles are 
destroyed and the soil dries into a hard compact mass. 


Tilth is a condition of the soil, and only indirectly due to pro- 
cesses of tillage. A heavy soil is not reduced to powder by the 
mechanical force exerted through implements. ‘Tillage stirs the 
soil, and places it so that natural forces exert their greatest effect 
upon it. The soil in good tilth falls into a powder under the 
action of the various instruments. Such a condition of the soil. 
is very desirable. It allows the preparation of a good seed bed; 
it is most suitable for ensuring the best conditions of moisture, 
temperature, and chemical action in the soil during the growth 
of the plant. The maintenance of good tilth is especially im- 
portant on clay soils. 


The production of a good tilth, and the permeability of a clay 
soil to water, depend largely upon the formation and maintenance 
of compound particles. The conditions favorable to the forma- 
tion of compound particles are also favorable to the coagulation 
of clay. Any change which converts the clay from a coagulated 
to a swelled condition is necessarily destructive to compound 
particles, but it is quite possible to destroy compound: particles 
without affecting the coagulated condition of the clay. 


Relation of Physical Composition to Adaptation of Crops.—The 
adaptation of different crops to particular kinds of soil is due to 
different needs of the crops for moisture, for soil atmosphere, for 
temperature, and their habits of root growth. The differences in 
physical composition cause soils to respond differently to these 
needs, and hence vary their adaptation. But climatic conditions 
of rainfall, temperature and situation, modify the way which the 
soil fulfils these conditions. Under similar conditions, and in a 
general way, there is a relation between the physical character of 
the soil and its adaptation to crops, and this is shown by the 
general agricultural practice and treatment of such soils. 


g2 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


The relation of physical character to adaptation to crops is 
studied by ascertaining the kinds of crops actually grown upon 
the various classes of soils, and how well they thrive on them. 
The relation between physical character and adaptation in the 
soils of the Atlantic and Gulf Coastal Plains, as ascertained by 
field agents of the Bureau of Soils,’ is as follows: 

Sands.—These soils are characterized by open structure, thor- 
ough drainage and warm nature. ‘They are the earliest truck 
soils, produce light yields, and are not well adapted for general 
farming. 

Fine Sands.—These are more retentive of moisture than the 
sands, mature truck ten days to two weeks later, and give heavier 
yields. They are not well adapted for general farming. 

Sandy Loam Soils—These are the medium early truck and 
light general farming soils of the Atlantic and Gulf Coastal 
Plains. They are the lightest desirable soils for general farming, 
are more retentive of moisture than the fine sands, and mature 
. crops about two weeks later. In general farming, crop returns 
are light. 

Fine Sandy Loams.—These soils are adapted to medium truck 
crops, give moderately good yields of vegetables, and give average 
yields of general farm crops. Cotton matures somewhat later 
than on the sandy soil. 

Loams.—These soils produce medium-late truck crops and are 
the best soils for general farming in this region. They are easily 
kept in good condition of tilth and are very retentive of moisture. 
Vegetables mature late but the yields are good. Small grains and 
grasses do well. 

Silt Loams.—These are adapted to late truck, vegetables for 
canning purposes and for heavy farm crops or for special pur- 
poses. Hay does well on this type of soil. 

Clay Loams.—These are too stiff and too late in maturing ~ 
crops for vegetables. A small number of farm crops is adapted 
to this type. Wheat, oats, rice, forage crops, and grass do well. 

Clays.—These are adapted to heavy farm crops, such as wheat, 

1 Bulletin No. 78. 
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grass, rice, and forage crops for ensilage. Cultivation is difficult. 
Early varieties of cotton do well outside of boll weevil districts. 

A specific example of the relation between the use made of 
a soil and its physical analysis, is shown by the analyses of typical 
Maryland subsoils published by Whitney.* 


PHYSICAL ANALYSES OF MARYLAND SUBSOILS. 


Baeter ey Market Tobacco Wheat oent a 

particles garden garden jand soil grass wheat 
Fine gravel.... 2-1.0 0.5 0.4 1.5 — — 1.3 
Coarse sand..-.] 1.0-0.05 5.0 2.0 Soy) 0.4 0.2 0.3 
Medium sand.--] 0.5-0.25 40.2 28.6 13.3 0.6 Tee II 
Fine sand .... .|0.25-0.10 27.6 39.7 8.4 22.6 4.0 1.0 
Very fine sand -| 0, 10-0.05 12a0 11.4 15.0 30.6 11.6 6.9 
Sit 2. eee 0.05-0.01 77, 5.0 28.0 14.0 30:0.) 2021 
GPE rsiltiayvt es ° 0.0I-0.005 2D 2.0 7.8 4.1 8.8 II.o 
Slay eects «|< «=. 0.005- 4.4 8.8 14.6 22.0 R257 eased 


The early market garden soil contains nearly 73 per cent. sand. 
It has little power of retaining water and is therefore warm and 
dry. It produces vegetables about ten days earlier than any other 
soil in Maryland. 

The market garden soil contains more fine sand and more clay. 
It is more productive but later in maturing spring crops than the 
soil named above. It is superior to the first soil for peaches, 
small fruit, and autumn crops. 

The tobacco soils contain 10 to 20 per cent. clay, the lighter 
soil yielding a smaller crop but a better quality of leaf. The 
wheat soils are somewhat heavier. The wheat soil (No. 4) is the 
lightest soil upon which wheat can profitably be grown in Mary- 
land. The soil is toa light for permanent meadow or pasture 
and too heavy for the best quality of tobacco. The wheat and 
grass land is more productive than the wheat soil. The grass and 
wheat soil is still more productive. 

Similar relations can be traced for other soils, between the 
physical composition and crops adapted to them. Other factors 
come into play, however, such as the location of the soil, its 
depth, and its chemical composition. ‘The physical properties of 

1 U. S. Weather Bureau, Bulletin No. 4. 
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a soil depend upon other things in addition to its physical com- 
position, as we shall see. The relation between soil composition 
and crop adaptation probably depends to a large extent upon 
water conditions, which is largely influenced by the physical com- 
position of the soil. 

Similar relations between physical character and crop adapta- 
tion were traced in England by Hall.t. He found very heavy soils 
generally used for pasture. Wheat soils are heavy. Barley soils 
are lighter than wheat soils, potato soils are still lighter. Hop 
soils are somewhat like barley soils. Fruit soils are lighter than 
hop soils. The different kinds of fruit have their own require- 
ments. Waste soils are characterized by large amounts of coarse 
sand, small amounts of clay and fine silt, an acid reaction and 
absence of calcium carbonate. 

Analyses of typical soils used for various crops in the area 
studied by Hall are shown in the table. The reader will notice 
that the groups of soil particles are different from those else- 
where mentioned in this chapter. 


. Wheat Barley Potatoes Hops Fruits 
Fine gravel above I mm. 1.4 it 7? 0.9 Tez 170 
Coarse sand__‘I-0.2 esti 2G 18.3 20.1 4.8 6.8 
Fine sand 0.2-0.04 ‘“* .| 24.5 32.0 43.5 33.8 42.0 
Silt 0.04-0.01 ‘‘ 23.0 18.2 II.0 28.3 2353 
Fine Silt 0.01-0.002 ‘‘ 12.8 8.0 6.4 8.7 73 
Clay below 0.002 20.8 11.9 9.7 17.31 10.9 


The subsoil is generally heavier in texture, or contains more 
clay, than the surface soil. This is largely due to the action of 
water moving the finer particles of the soil into its lower portions. 


Soil Types and Soil Series.—A soil type is a definite soil, with a 
definite physical composition and other definite properties. It 
may vary somewhat in different parts of the area, but in all 
essential respects, it is the same soil. 

Soil series are groups of soil types related to one another 
through source of material, method of formation, topographic 
position, coloration, and other characteristics. The soil types in 

1 Jour. Agr. Sci., 1911, p. 206. } 
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the series vary chiefly in physical composition and other char- 
acteristics caused thereby. A soil series, to be complete, would 
contain all the possible physical classes of soils already mentioned. 
Comparatively few soil series, however, are complete. 

In establishing soil types and soil series, the texture of the soil, 
its mechanical composition, its origin, the topography of the soil, 
native vegetation, color, depth, drainage, and all other factors 
which influence the relation of the soil to the crop, are considered, 
as far-as possible. Both the surface soil, and the subsoil should 
be considered. All the types in a given locality have been formed 
by the same general processes, and will naturally grade into one 
another. In humid regions, the description of a type covers the 
material to an average depth of 3 feet; in arid regions to a 
depth of 6 feet. Minor variations of texture, structure, organic 
matter content, or succession of materials, which occur in sections 
representing 10 acres or less, are described as phases by the field 
agents of the Bureau of Soils. ‘There is some local variation in 
types. Differences in agricultural value may be due to differences 
in treatment of the same soil. 

The soil name of a type does not mean that it belongs to that 
class necessarily. For example, Norfolk sandy loam may be a 
coarse to medium yellow or gray sand or light sandy loam. 

Fippin’ suggests the following scheme of soil classification. 
The broadest division is based on temperature, into (I) tem- 
perate, (I1) subtropical, (III) tropical regions. Each of these is 
sub-divided into (A) humid, (B) semi-arid, (C) arid sections 
based on rainfall. The next two sub-divisions are into divisions 
and provinces according to mode of formation; (a) sedentary, 
soils sub-divided into (a,) residual soils and (a,) cumulose soils 
and (6) transported soils, sub-divided into (b,) colluvial, (0,) 
wind borne, (4,) transported by water; namely, (4,,) ocean, 
(,,) lakes, (8,.) rivers. The soils of different origin are next 
divided into groups based on the source of material (1) acid and 
basic igneous rock; (2) shale and slate; (3) sandstone and 
quartzite; (4) limestone and marble rock; (5) muck, peat, and 
swamps (cumulose soil). The next sub-division is into series, | 

! Proc. Am. Soc. Agron., 1911, p. 88. 
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based on color, organic matter, drainage, lime content, and special 
chemical properties. Finally, the types, or individual soils, are 
based on texture and structure. This scheme offers good possi- 
bilities; the group, acid and basic igneous rocks, is, however, a 
broad one and should be sub-divided. 


Some Soil Series.—Soil types numbering 715 have been estab- 
lished by the Bureau of Soils of the United States Department 
of Agriculture. These types have been divided into 86 series. 
A full list and description of these types and series is found in 
Bulletins 55 and 78 of the Bureau mentioned. The following are 
a few series, mentioned for the sake of illustration. 


Atlantic and Gulf Coastal Plains.—Houston Series —Dark-gray 
or black calcareous prairies. One of the most productive series 
for upland cotton, and well adapted to alfalfa and other forage 
crops. 

Norfolk Series—Laght-colored soils with yellow sand or sandy 
clay subsoils. This series contains some of the most valuable 
truck soils of the Atlantic and Gulf Coast States, and certain 
members of the series are adapted under certain climatic condi- 
tions to wheat, grass, tobacco, and fruit. 

Orangeburg Series.—Light-colored soils with red sandy clay 
subsoils. This series constitutes some of the best cotton soils of 
the South, and certain members of the series are particularly 
adapted to tobacco. 

Portsmouth Series.—Dark-colored soils with yellow or mottled 
gray sand or sandy clay subsoils. Where drainage is adequate, 
this series is adapted to some of the heavier crops, to small fruits, 
and to Indian corn. 

Susquehanna Series.—Gray soils with heavy red clay subsoils 
which become mottled and variegated in color in the deep subsoil. 
Only one member of the series, the sandy loam, has been devel- 
oped to any considerable extent. This one is used for fruit and 
general farm purposes, but the other members are particularly 
refractory and difficult to bring into a productive state. 


River Flood Plain Miller Series—Brown to red alluvial soils 
formed from the reworking of materials derived from the Per- 
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mian Red Beds. Very productive soils, suitable for cotton, corn, 
sugar-cane, alfalfa, and vegetables ; especially adapted to peaches. 

Wabash Series —Dark-brown or black soils subject to over- 
flow. Very productive soils, used for cotton, sugar-cane, corn, 
wheat, oats, grass, alfalfa, sugar beets, potatoes, and other vege- 
tables. 


Piedmont Plateauu—Cecil Series—Gray to red soils with 
bright-red clay subsoils, derived from igneous and metamorphic 
rocks. Constituting by far the larger portion of the plateau, 
these soils are well adapted to and are used for cotton, export 
tobacco, and fruit, and the lighter members for truck crops. As 
a rule they are not highly developed, but where properly handled, 
the heavier members produce excellent crops of corn and grazing 
and hay grasses. 


Appalachian Mountains and Plateau.—Dekalb Series—Brown 
to yellow soils with yellow subsoils, derived from sandstones and 
shales. Soils of this series are used, according to texture, eleva- 
tion, exposure, and character of surface, either for the production 
of hay, for pasture, or for orchard and small fruit. 

Porters Series.—Gray to red soils with red clay subsoils, de- 
rived from igneous and metamorphic rocks. ‘This is the most 
important series for mountain fruits of the eastern United States. 
It is also used for general farming. 

‘Limestone Valleys and Uplands.—Clarksville Series.—Light- 

gray to brown soils with yellow to red subsoils, derived mainly 
from the St. Louis limestone. Apples and peaches are commer- 
cially important. ‘Tobacco is a leading product. 

Cumberland Series—Brown surface soils, derived from the 
deposit of sedimentary material overlying residual limestone sub- 
soils. Used for cotton and other general farm crops, truck, and 
fruit. 

Glacial and Loessial Regions.—Marshall Series —Dark-colored 
upland prairie soils. The principal soils of the great corn belt 
belong to this series, while in the Northwest the finest wheat soils 
are found in this group. They are among the best general farm- 
ing soils of the entire country. 
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Miami Series —Light-colored upland timbered soils. The dif- 
ferent members of this series are considered good general farm- 
ing soils and have in addition special adaptation for truck, small 
fruit, and alfalfa. 

Glacial, Lake and River Terraces.—Clyde Series —Dark-colored 
swamp soils formed from reworked glacial material deposited in 
glacial lakes. A special use for these soils is the production of 
sugar beets, while general farm crops, truck, and canning crops 
are grown extensively. 

Fargo Series.—Black calcareous soils rich in organic matter 
formed by deposition of material in glacial lakes. This is the 
most important group of soils in the Red River Valley, and in- 
cludes exceptional soils for the production of wheat, barley, and 
flax. 

Residual Soils of the Western Prairie Region—Crawford 
Series —Brown soils with reddish subsoils, derived from lime- 
stones. ‘The soils of this series range from rough areas suited 
mainly for pastures to fertile general farming, fruit-growing, and 
trucking soils. 

Great Basin. Bingham Series—Porous dark or drab colluvial 
and alluvial soils underlaid by gravel or rock, occupying lower 
mountain slopes. ‘The lighter types, when irrigable, are devoted 
to orchard fruits, and the heavier types, to alfalfa and sugar beets. 

Northwestern Intermountain Region—Bridger Series—Dark- 
colored soils with sticky yellow subsoils, of colluvial and alluvial 
origin. These soils generally occupy elevated foot slopes or slo- 
ping valley plains and have not been developed to a great extent. 
They are most extensively used for the production of grain, and. 
when irrigated, are utilized in the production of alfalfa and other 
hay crops; under favorable climatic conditions they are adapted 
to fruits. 

Rocky Mountain Valleys, Plateaus, and Plains.—Billings Series. 
—Compact adobe-like gray to dark or brown soils and subsoils, 
formed mainly by reworking of sandstones and shales and oc- 
cupying old elevated stream terraces. ‘This is an important series 
adapted to alfalfa and general farm crops and stock raising; also 
used to a considerable extent in the production of sugar beets. 
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Arid Southwest.—Gila Series—Light to dark brown soils of 
flood-plain alluvium underlaid at varying depths by coarse sands 
and gravels. Under favorable irrigation and drainage conditions, 
the members of the Gila series are adapted chiefly to the produc- 
tion of alfalfa, potatoes, truck, and root crops. 


Pacific Coast—Fresno Series—Light-colored soils with light- 
gray, ashy subsoils and alkali-carbonate hardpan, derived from 
old alluvial wash. Where protected from alkali accumulations, 
these soils have been very successfully used for vineyards and 
raisin grapes, and are particularly adapted to almonds, peaches, 
and apricots. 


Fig. 28.—Photograph of a soil map. Willis area, Texas. 


Soil Survey.—The soil surveyor is provided with a map, com- 
pass, measuring instruments, and soil sampler. After a general 
inspection has been made, and the provisional types decided upon, 
the mapping is begun. Preliminary borings in the soil are made 
to outline the location of a body of soil of uniform character. 
This is then colored in on the map. The surveyor then works 
away from this area until a different type of soil is encountered. 
The line of separation between these two types (which may con- 
sist of a narrow strip of intermediate soil) is then outlined on 
the map. Other areas are outlined in the same manner. 
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The identification of the types is aided by physical analysis. 
It is, of course, not possible to make a great number of types in a 
given area, and a certain latitude must be allowed, between which 
limits the soil may vary. Asa rule the different types of soil and 
their properties are very well known to the farmers in the area 
surveyed. So far the types have been largely based upon physical 
differences as observed by the surveyor, with no great emphasis 
on the physical analysis. 


Value of Soil Survey.—A soil survey outlines the various types 
of soil in the area surveyed, shows their extent and relative im- 
portance, and exhibits, to some extent, the soil problems of the 
locality. It also indicates the adaptation of the various types of 
soil to different crops. : 

A soil survey should not be considered as an end in itself, but 
as a means of ascertaining the various types of soil in the area, 
as a basis for further study. Thorough chemical, physical, bac- 
teriological, and. other studies should then be made of the various 
types of soils. The results of these studies can then be applied 
to definite areas. 

Soil surveys also show what crops may possibly be grown upon 
the various types of soil in question. Information secured upon 
the same types in other districts, may be made available. Results 
of fertilizer experiments made upon definite types of soil can be 
applied to similar types of soils elsewhere, but not indiscrimin- 
ately, as has been too often done. Other experimental work can 
also be definitely applied to the kind of soil on which it is carried 
out. Relations between the various types should be traced so that 
work on one type may be applied to other types. 


CHAPTER Vik 


PHYSICAL PROPERTIES OF SOILS. 


The soil affects the growth of the plant through both physical 
and chemical properties, which react upon, and modify one 
another. The chief physical conditions which affect the plant are 
the depth of the soil, its temperature, the amount of water it 
supplies, and the composition of the soil atmosphere. These are 
modified by a variety of factors. ‘The chief chemical condition 
which affects plants is the supply of plant food, but this supply 
is to some extent dependent upon physical factors. The chemical 
composition of the soil has other effects upon plants. It affects 
the physical character of the soil. It is related to the condition 
of the soil as regards neutrality, and the absence or presence 
of injurious substances, which also modify the relation of soil to 
plants. 

The physical and chemical properties of the soil are closely 
related, and are more or less dependent upon one another. They 
cannot be entirely separated without presenting a very one-sided 
view of the functions of the soil. 


Soil and Subsoil—Going down into the soil from the surface, 
we generally find the following layers: First, the top, or surface 
soil, varying from 3 inches to a foot or more in depth, and usually 
darker in color than the layers below. Next is the subsoil, from 
a few inches to several feet in depth. If the soil is sedentary, 
below this is a mixture of rock fragments and soil, and then 
comes the rock of the locality, the upper layers of which are 
decomposed and rotten. Sometimes the layer of soil rests directly 
upon the solid rock. Sometimes the surface soil has been washed 
away, leaving the unproductive subsoil. 

The surface soil is distinguished from the subsoil by its darker 
color, due to the decaying vegetable matter contained in it, derived 
from roots and plant residues. The depth of the surface soil is, 
in humid climates, often determined by the depth of plowing, 
and is generally from 4 to 12 inches. 
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A different definition of soil and subsoil is used by the Bureau 
of Soils. The surface soil is the upper layer of the earth, and 
continues until there is a decided change in physical character. 
In other words, the distinction between soil and subsoil is based 
upon difference in mechanical composition. 

In humid sections, the subsoil is not well suited for the growth 
of plants. If it is exposed by removal of the surface soil, it is 
in most cases unproductive until it has been subjected to atmos- 
pheric influences for some time. Organic matter added to the 
soil, such as manure, is said to aid in converting the raw subsoil 
into productive soil. If too much subsoil is mixed with the sur- 
face soil, by deep plowing, the productiveness of the soil may be 
decreased. In arid regions, according to Hilgard,’ the soil is 
suitable for plants to the depth of 3 to 10 feet, or more. Ma- 
terial from the depth of 8 feet has been put on gardens and 
‘served well the first year. In preparing land for irrigation, 
the land is leveled without regard to the subsoil, and no bad 
effects are noticed. These practices would be injurious to humid 
soils. ‘The difference is due to the greater depth of penetration 
of air and the roots of plants, under arid conditions. 


Penetration of Roots—The depth to which roots penetrate 
into the soil depends upon the condition of the soil and subsoil, 
the climate, and the kind of plant. The roots of plants grown in 
humid regions penetrate only a comparatively short distance. In 
arid climates it is necessary that thé roots penetrate deeply, in 
order that they may endure drought. 


According to Hilgard, the roots of the hop have been found, in 
arid climates, to penetrate to the depth of 18 feet; roots of wheat 
and barley may reach to 4 to 7 feet in sandy soil; roots of grape 
vines have been found at the depth of 22 feet below the surface. 
Thus in arid climates, where a drought of five or six months pre- 
vails during the growing season, the roots of plants, by penetrat- 
ing to considerable distances, will secure water in the depths of 
the soil. The depth to which plants send their roots affects the 
quantity both of water and of plant food at their disposal. Differ- 

1 The Soil, p. 163. 
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ences in the needs of plants for food-may, in part, be due to 
differences in rooting habits. Further, the character of root 
growth is also related to the kind of tillage which should be given. 
Crops whose roots extend near the surface of the soil should 
not have these roots cut by deep cultivation. 


Fig. 29.—Distribution of roots of corn, Kansas. 


Exhibition specimens of roots are secured in the following 
manner.t A block of soil is cut out, with the plant in the center, 
and a wooden frame covered with '%-inch mesh wire netting 
is slipped over it. Plaster of Paris paste is then poured on the 
top to hold the plant and large numbers of sharpened wires are 

1 Kansas Bulletins 75, 127; North Dakota Bulletins 43, 64. 
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pushed through the soil and fastened to the netting, to hold the 
roots in place. When the plaster hardens, the dirt is washed away 
by a stream of water. 

Sanborn! drove an iron frame into the soil, removed the soil in 
layers of 1 inch to the depth of a foot, and washed out the roots. 
The roots were dried and weighed in order to ascertain their 
distribution in the soil layers. 

At the Arkansas Experiment Station’, plants were grown in 
boxes 10 by 12 inches and 4 feet deep, and the quantity of roots 
in different layers of the soil was determined. ‘These conditions 
are somewhat artificial, and the-roots would probably penetrate 
deeper than in a natural soil. 

The results of the preceding experiments are summarized in 
the following table: 


Barley...-.------- 96 per cent. of roots in first 7 inches (Utah) 
Con aicearacee iets 90 « «6 es 7 “6 
(Gomis Geooomococs + 93 os Gu as 7 st 
Clover 4 yearsold- 94 “ Oe oe 7 ss 
Clover......-..%.. Evenly distributed between the first 2 feet 
(Arkansas). 
Millet .....-..---- 8o per cent. in the first 12 inches (Arkansas) 
@ Atte sreteiats dichsie sisters 96 es Ue Hiern, (salut) 
Orchard grass--.-- gj, sy 20 ‘* (Arkansas) 
Peaster terres: Mostly in 12 to 18 inches of soil rs 
Potatoes ..-.--..-.- 70 per cent. in 7th to 13th inch (Utah) 
Timothy..-....--. Sy: Wee in first 7 inches (Utah) 
Timothy:-.:.-+--- 05 are us Gime (Arkansas) 
Wheat........-.--- 92 ae Hy 4 oh (Utah) 


It appears that barley, corn, oats, timothy, and wheat developed 
over 86 per cent. of their roots in the first 7 inches of soil. 
Most of the plant food and water which they take up must 
necessarily be drawn from this layer. Clover, millet, peas, 
orchard grass, and potatoes appear to send their roots deeper, but 
these results (with the exception of the potatoes) are from the 
Arkansas Station, where the plants were grown in boxes and not 
in the free soil. Plants grown in boxes, as in the Arkansas E;x- 
periment, would have a tendency to send their roots deeper than 


1 Utah Experiment Station, Bulletin 32. 
* Bulletin 29. 
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plants grown in the natural soil, on account of the pulverization 
and exposure to the atmosphere that the soil received in filling 
the boxes, and also because the boxes were probably under- 
drained. 

Other experiments made at the Kansas, New York, North 
Dakota, Iowa, and Minnesota Stations, show that the greatest 
proportion of the roots of plants develop in the surface foot of 
the soil, but appreciable quantities of roots may penetrate much 
deeper. These experiments were qualitative. Further quantita- 
tive experiments are needed, as it is very important for scientific 
soil studies, to know the quantitative distribution of the roots of 
various plants in various soil types and in various sections of the 
country." 

The depth to which roots of some plants may penetrate is 
shown in the following table, taken from experiments made in 
Kansas and North Dakota. The subsoil \vas in some cases a 
stiff, clay soil. 


DEPTH OF PENETRATION OF ROOTS OF PLANTS. 


Alfalfa ....-.... CMmLONLG eee Olowerrtn potde bass 2% feet 
COLiieccccaisieels 2% TOmlOmne. Cowpeas.....-- 3 SU 
Grasses :----- -2%to 3 “‘ Kafir corn ..-.. 3% to5 ee 
VILE Eaters tarctere:s ee DE PACO won WOKE Giseaoaomoeo 3% to4 x 
WATS aieicxtatenaeavens Ase Jeforehwoscin oiance oO6 3 OG 
Rye Wadreratavatew scare rous au Sorghum taveaniets a ly to 4 ae 
Sugar beet .---- Beton 14 Nokia cutea thos 4 cS 


Effect of Depth of Soil on Plants——The depth to which the 
roots of plants penetrate depends both upon the character of the 
soil and the habit of the plant. The roots of plants can penetrate 
easily in a sandy subsoil, but may have difficulty in entering heavy 
clay. 

In general, the deeper the roots can penetrate the soil, the 
better the growth of the crop. Roots which occupy 12 inches of 
soil will have twice as much soil to draw upon for moisture and 
for plant food, as those which occupy only 6 inches. They will 
also have twice as much space in which to expand their roots. 


1 See review by Miiler, Jour. Am. Soc. Agron, 8, 129 (1916). 
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The experiments of Lemmerman! may be cited as showing the 
effect of root space upon plant growth. He grew mustard in pots 
of the same surface area, but of different depths. One vessel of 
each size received no fertilizer, and one of each size received 1, 
2 and 3 grams fertilizer respectively. ‘The results are as follows: 


WEIGHT OF CROP IN DIFFERENT SIZED VESSELS. 


Fertilizer Large vessel | Small vessel 
Grams Grams 
OMMAEGcon cob On Cnc b0005 do lous 0c 40s AOOemeIeIanES 26.8 19.7 
ner OOo oo oucE counts dood co 0 60d dg Dae eEpe ere 40.5 36.2 
PERRO a bn CDUIOO nS b AS 6 to 0000/00. 0 cae errors 61.1 47.8 
Bie soi a idieie ne ee +m binn min ne mee IEMRMIAISioloio + es ov ale 62.1 48.3 


The increase of fertilizer from 2 to 3 grams had little effect 
upon the crop in the pots of either size. That is, the limiting 
condition is the size of the pot. ‘The crop in the large pot is con- 
siderably larger than in the small one; this shows that the space 
occupied by the roots has considerable influence. However, this 
difference may be due to differences in moisture content. 


Limitations of Soil Depth.—The depth of the surface soil, as 
stated, is largely dependent upon the depth of plowing. The sur- 
face and subsoil together may be so shallow as to interfere 
seriously with the productiveness of the soil. The limiting condi- 
tion may be hard pan, the water table, rock, or heavy subsoil. 

Hard pan is a layer of hard earth, sometimes rock-like, which 
cannot be penetrated by plant roots. Hard pan may be caused by 
constant plowing at the same depth. ‘The sole of the plow con- 
solidates the layer of soil on which it slips. Such hard pan is 
most liable to occur in heavy clay soils. Hard pan may also be 
caused by deposition of matter from drainage or irrigation waters. 
The deposited matter cements the soil grains into rocky masses. 
The cement is usually carbonate of lime, but sometimes it is an 
iron cement, or a humate. d 

Hard pan may be prevented by varying the depth of plowing, 
or by an occasional subsoiling. It is particularly liable to occur 


1 Jahresber. f. Agr. Chem., 1903, p. 42. 
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in arid climates. In some localities it should be destroyed with 
dynamite or other explosives before fruit trees are set out. 

Rock, when too near the surface, forbids the use of the soil for 
cultivated crops, though the land may possibly be used for timber 
or grazing. 

The water table, when too near the surface, converts the soil 
into a swamp. When somewhat lower, the soil is suitable for 
some plants, but is too wet for agricultural purposes. If from 
4 to 6 feet below the surface, the soil is suitable for cultivation, 
but the water table is often considerably lower than this. 

In arid climates a proper substratum is much more important 
than in humid climates, since the roots must be able to penetrate 
deeply in order to endure draught. Hiulgard’ gives the following 
examples of faulty substrata found in California. 


A. The surface soil of about 12 inches is underlaid by horizon- 
tal layers of shale. This soil might possibly be rendered useful 
by blasting with explosive. 

B. The surface soil of 12 inches is underlaid by a heavy red 
clay, which can hardly be penetrated by roots. After blasting 
with dynamite this soil has been used successfully. Without 
blasting, orchards die in about three years. 


C. This soil has a calcareous hard pan at the depth of about 
4 feet. On account of the arid climate, the roots of trees 
must be able to penetrate to a greater depth than this. 


D. The water level is about 3 feet. This prevents roots 
penetration and restricts the use of the soil to shallow rooted 
crops. This condition may arise from the leakage of water from 
irrigation ditches. 

FE. The soil is underlaid by a layer of coarse sand or gravel at 
the depth of about 4 feet, through which roots .will not pene- 
trate to the water below. A large number of orchards have died 
from this cause. 

Soil Temperature.—Processes of plant and animal life can go 
on only between certain limits of temperature. The temperature 
to which the plant is subject depends upon both the soil and 

Pike Soil} ps07:7.. 
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atmospheric conditions, the latter being perhaps the controlling 
factor. 


Fig. 30. —Fruit grown against a wall so that it will ripen. . France. 


The earlier the soil warms up in the spring, the earlier it can be 
planted. Some few seeds begin to germinate at the freezing 
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point, but most seeds require a higher temperature. Haberlandt? 
tested various seeds at several temperatures and found the lowest 
temperature at which germination took place was as follows: 


Alfalfa, beets, barley, beans, red clover, oats, peas, 


THUEAIEOS, WHOSE ad od ao on ote coc 5 6c 32-A0° F. 
Indian corn, carrots, sorghum, sunflower, timothy.. 40-51° F. 
Ciicumipens  GIClONS. «Jaen. -..-.......00 60-65° F. 


The time required for germination decreases as the temperature 
rises, until the optimum temperature is reached. For example, 
corn required 11% days to germinate at 50°, 344 days at 60°, and 
3 days at 65° F. While the sunflower seeds required 25 days at 
51°, at 60° they required only 3 days to germinate. 

The growth of the plant also depends upon the temperature to 
which it is subjected. Between the extremes of heat and cold 
fatal to plants, is an optimum temperature, varying for different 
plants, at which the maximum growth takes place. For example, 
Bialablocki* grew rye, barley, and wheat 20 days at different soil 
temperatures, and determined the dry matter produced with the 
following results: 


WEIGHT OF PLANTS GROWN AT DIFFERENT TEMPERATURES. 


Temperature Rye Barley Wheat 

Degrees Mg. Mg. Mg. 

Sl Give rire sale o) esicha neste eyed. cuetele ne Ses 23.9 ido falt 15.8 
TQ eigen aoe sais, bys Soothe! Mie on Bacon ees 20.8 18.0 20.8 
1G cogdps sop bpdo aodeodebeélnoodos 32.4 34-4 29.5 
BO ictere AUG SD NOB AOC CER DIOEI OTe as 49.5 36.7 30.8 
DE valelsial=io 19 "el eiichelsis\eln cin svaiste! winin miris = ole 42.4 42.0 43.9 
BO eee eee tee eee Evataepayere’ i exeliote, Geis tat ovs 47.0 35.0 46.9 
AG) wappecddosbe bGacd7 or pope staan Diley 26.3 40.3 


In this experiment, 20° was the most favorable temperature for 
rye, 25° for barley, and 30° for wheat. ‘The wheat plant. grown 
at 30° is three times as large as that at 8° C. 

The temperature of the soil has a direct influence not only upon 
the plant, but upon processes in the soil, especially those relative 
to the preparation of soil nitrogen for plant food. 


1 Landw. Versuchs. Stat., 17, p. 104. 
® Jahresber. f. Agr. Chem., 1870-72, p. Igo. 
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Factors which Influence Soil Temperature.—The temperature 
of the soil varies to a certain extent with that of the air, but the 
changes are slower and more restricted in depth. The tempera- 
ture of the soil is influenced by its color, water content, location, 
composition, etc. 

Location.—The following figure illustrates the effect of location 
upon the light and heat received by the soil from the sun. Let E 
and F represent two equal beams of sunlight, falling upon the 
south (A B) and the north (C D) side of a hill. It is evident 


Fig. 31.—The south side of a hill receives more heat than the north. 


that the ray F is distributed over more surface than the ray E and 
that its heat has a greater area to warm. ‘The soil on the north 
side thus receives less heat than that on the south side. The 
difference depends on the situation of the sun, and the inclination 
of the hill. It is for this reason that the south sides of hills in 
northern regions may be green with vegetation while the north 
side is covered with snow. A wall or hedge, by protecting the 
soil from wind, or by reflecting heat upon it, may cause the soil 
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to be warmer. Maligoti and Durocher found the average soil 
temperature on the south of a garden wall 8° C., higher than on 
the north side. In cool climates, fruits which refuse to ripen 
under ordinary conditions may attain perfection when trained 
against the sunny side of a wall. 


Water Content—The quantity of heat required to raise the 
temperature of the soil depends upon the materials of which it is 
composed, but it increases with the quantity of water present. 
Approximately five times as much heat is required to raise the 
temperature of I pound of water 1 degree as for 1 pound of 
soil. Since wet soil does not warm up as rapidly as a dry soil, 
draining a wet soil makes it warmer, as a general rule. Clay 
soils, since they contain more water, do not warm up as quickly 
as sandy soils, which retain much less water. This is probably 
the reason sandy soils are so much better suited to early truck 
crops than are clay soils. They warm up quicker, and maintain a 
higher temperature during the early part of the year, thereby 
forcing the growth of the crop. 

The evaporation of water from wet soils also makes them 
colder than dry soils, as water in passing into the form of a vapor 
‘takes up considerable amounts of heat. King found that a clay 
soil was 4° to 7° F. lower in temperature than a sandy soil. 


Color——The color of the soil has an effect upon its tempera- 
ture. A dark soil warms up more rapidly than a light one, pro- 
vided they contain an equal quantity of water and other con- 
ditions are equal. Schubler exposed two layers of the same soil 
to the sun under the same conditions, making one white by means 
of a thin layer of magnesia, and the other black with lampblack. 
The temperature of the blackened soil became 13° to 14° higher 
than that of the whitened one. Lampadius has given the soil a 
coating of coal dust an inch thick to aid in ripening melons, and 
in Belgium and Germany it is found that the grape matures best 
on certain soils covered with gray slate. These fragments, how- 
ever, retain the heat through the night. Black soils often contain 
more water than light soils, and the light soils therefore warm 
up first. 
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Organic matter, in decaying, gives off heat. This heat is 
utilized in preparing hot beds with manure and earth. The decay 
of the manure raises the temperature of the hot bed. 

The quantity of organic matter in the soil is seldom sufficient 
to affect its temperature to a practical extent. An application of 
To tons of partly decayed manure per acre may raise the tempera- 
ture of the soil 2° F. for the first five days, 1° F.. for the second 
five days, and 0.6° F. the third. This is according to the experi- 
ments of Georgeson.' This increase in temperature might aid in 
hastening the germination of seeds and in protecting a spring crop 
from frost. 

Wagner found an average increase of temperature 0.7 to 0.2° 
F. during four to twelve weeks, due to heavy applications of 
manure under field conditions. 


Control of Temperature.—Artificial regulation of temperature 
is practiced comparatively little in agriculture, though of con- 
siderable importance in horticulture, in which hot beds, cold 
frames, and green houses are used. The growth of tomato plants, 
sweet potato vines, and other plants under glass or in protected 
places, for transplanting when the soil becomes sufficiently warm 
or danger of frost is past, is a kind of regulation of temperature. 
In some regions, smoke fogs are produced to prevent frost and 
thereby protect tender plants, or plants at critical stages of 
growth. 


Color of Soils.—Soils range in color from almost pure white, 
through yellow, red, or gray, to black. The yellow or red colors 
are due usually to hydrated oxides of iron. Organic matter gives 
a soil a black color when wet, or a gray or brown or black color 
when dry. The color thus affords some indication as to the char- 
acter of the soil. Black or red soils are generally preferred by 
practical farmers. The intensity of the color is not always an 
indication as to the quantity of organic matter or oxide of iron 
present. A coarse sand, by having a smaller surface to be colored, 
requires much less coloring material than a clay soil which has a 
large surface. 


IVArT  SCleEMGen, 1-125 l= ‘ 
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Specific Gravity of Soils—The specific gravity of a body is the 
weight of the body divided by the weight of an equal volume of 
water. Suppose we place 10 grams of soil in a bottle of known 
weight which holds exactly 25 cc., and weigh. ‘Then fill the bottle 
exactly full of water, so that it contains no air, and weigh again. 
The gain in weight subtracted from the weight of 25 cc. of water 
gives the weight of water displaced by 10 grams soil. Ten divided 
by this gives the specific gravity of the soil. 

In estimating the specific gravity of a body, we must allow for 
the space occupied by air. If the soil could be fused into a solid 
mass without chemical change, the weight of 1 cubic centimeter 
expressed in grams would be the specific gravity. 

The specific gravity of some soil materials is given in the 
following table: 


SPECIFIC GRAVITY OF SOIL MATERIALS. 


Quartz.... -+.-+----. 2.6 WAR OT: Oe aiccwls a oisere totems I.0 
Feldspar..-.-...---- 2.5-2.8 FAUIMUS .-----2- 06-4 s D205 
JeieEStOMe <a eres/io « 2.6-2.8 INGA SOB GE SAS cleposorice: 2.8-3.2 
(Cirvabiveio coc sbionnacee 2.6-2.7 tornmblende:-..--..- 2.9-3.4 
IES Ge SBR eas, ees pleetiCee ra. Ss saat atenrers 26-207 
SPECIFIC GRAVITY OF SOILS. 

IAS Bill osbis Sb S60 G5 Goes DER ORS 8 olSt none Se iene Seren. A 2.65 
SAMY SOI ins we wien sais wenn ee eee see een eee eee ee tenn 2.67 
eiivneuwoill Ao Suan Gia 6 loci yo Bord DACA EC ncn eae 2 eee 2.71 
ESTeh PATTON lee tevspsire tee tern lenchel <teteiel es yc te me ic ie aio wo lesan =o 0 a:levohohenabeneve ane 


Soil particles may be divided into groups of differing specific 
gravity by means of bromoform and benzene mixed in different 
proportions... The mixtures, for example, may have densities of 
2.64, 2.55, 2.49, 2.36. 

Apparent Specific Gravity—The apparent specific gravity of 
a soil is the weight of a given volume of the soil, including air 
spaces, compared with the weight of an equal volume of water. 

Apparent specific gravity depends upon the true specific gravity 
of the soil particles, and the amount of air spaces in the soil. The 
former is constant, the latter is variable, as it depends upon the 
size and shape of the soil particles and the treatment to which the 


1 Koenig et. al., Exp. Sta., Rec. 31, 616. 
8 
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soil has been subjected. A cultivated soil contains more air 
spaces than the same soil in pasture. 

The apparent specific gravity will vary, then, with the treat- 
ment to which the soil has been subjected, if it is determined in 
the field. In the laboratory the apparent specific gravity will vary 
with the method used for determining it. 

The apparent specific gravity of a soil is determined by weigh- 
ing the dry soil that occupies a given volume. In the field this is 
accomplished by driving a tube of definite size, not less than 2 
inches in diameter, into the soil, so as to remove a core of known 
volume. The core is removed, dried and weighed, and the weight 
divided by the volume is the apparent density. 

Apparent density is determined in the laboratory by packing 
200 to 1,000 cc. of the soil into a glass cylinder, and weighing it. 
This method to a certain extent is applicable to incoherent soils, 
but 1s not well suited to clay soils, in which the action of water 
has a decided effect upon the apparent density. It represents the 
weight of the soil when in condition of good tilth. 

The apparent specific gravities of different kinds of soils are 
as follows, according to Schubler :' 


Weight of Weigh 
ee ik, dry seil per to the deptna 
¥ cubic foot 1 foot in pounds 
Sain dliyie tac see serge tees ee 1.76 10 Ibs. 4,790,000 
Ordinary Jand’--~.<... <<. 1.28 S8o-go ‘‘ 3,5-3,900,000 
Heavy clay .-..--:...-.-- 1.20 75a 3,270,000 
Reatiactee otaste<ts Sete rte 0.48-0.80 30-50 “ 1,3-2, 180,000 


Sandy soils, usually termed “light,” are the heaviest of all, 
while clayey land, termed “heavy” weighs less than ordinary soils. 
The terms “light” and “heavy” refer to the readiness with which 
the soils are worked by the plow, light soils requiring much less 
labor than heavy ones. The average weight of the soil is often 
assumed to be 2,000,000 pounds per acre to the depth of 62% 
inches, equal to 3,600,000 pounds per foot. According to the 
above figures, the actual weight may vary decidedly from this 
figure. 


' Stockbridge, Rocks and Soils, p. 153. 
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The actual weight of the soil in the field varies with the 
quantity of water present. A peaty soil saturated with water is 
very heavy. 

Since soil analyses are made by weight, differences in the 
apparent specific gravity of soils must be taken into consideration 
in interpreting the results. 

The apparent specific gravity of soils taken in the field appears 
to increase as we go downward. ‘This is in part due to the 
pressure of the overlying stratum; in part to the action of rain 
carrying the finest particles of the soil into the open spaces of the 
subsoil; in part to the loosening action of tillage and plant and 
animal life on the surface soil and to the presence of their 
residues. 

The weights of the soil per acre were studied’ at Rothamsted 
and Woburn, England, by driving down an iron frame 6 inches 
square and g inches deep. The core of soil was removed, dried, 
and weighed. 


WEIGHT OF SOIL PER ACRE. 


Pasture Arable land Arable land 

Rothamsted Rothamsted Woburn 
First 9 inches ---- +--+ -+e+eeeeee ees 2,300,000 2,900,000 3,200,000 
Second g inches .----++- +++. +e+-0+- 3,100,000 3,000,000 3,400,000 
Third g inches ---.---+++++++++ eee 3,300,000 3,200,000 3,500,000 
Fourth g inches ---- +--+ --++e++e-es 3,300,000 3,300,000 3,500,000 


The Rothamsted soil is a heavy loam or clay subsoil beneath 
which is the chalk. The Woburn soil is a light sand. 

Air Space in Soils.—The quantity of air space in soils may be 
calculated from the apparent and the real specific gravity. ‘lo 
say that the soil has an apparent specific gravity of 1.20 means 
that 1 cc. of the loose soil weighs 1:20 grams. If the soil material 
has the real specific gravity of 2.5, then I cc. weighs 2.5 grams, 
and 1.20 grams of it occupies 1.20 divided by 2.50 equals 0.48 cc. 
Thus 0.52 cc: or 52 per cent., is air space in this particular 
instance. 

: Warington, Physical Properties of Soil, p. 46. 


‘ 
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Adhesion and Cohesion.—Cohesion is the force with which the 
soil particles adhere to one another. It varies with the amount 
of water present and the nature of the soil, from zero in some 
sands, to a high degree in some clays when dry. Soils with little 
cohesion when dry are liable to be blown by winds unless pro- 
tected by vegetation. ‘The larger the particles of soil, the less is 
the cohesion between them. When the particles correspond in 
size to silt, the wet soil may be a sticky mud, like clay, and is often 
spoken of asa clay soil, but when dry it easily falls to powder. 

The behavior of soils upon drying is a matter. of great practical 
importance. Some soils in drying crumble easily, while others 
form clods which are difficult to break down. This behavior 
depends to a certain extent upon the amount of water present. 
Some soils crumble easily when plowed in the right condition, but 
when too much water is present they form intractable clods. 

Cohesion may be determined in the dry state, or the wet state. 
For dry cohesion, the soil is mixed with water, molded into cakes 
of uniform size, and dried. The amount of force required to 
crush the cakes is then determined. This throws light on the 
liability to form clods. 

For moist cohesion, the soil is mixed with water to 50 per cent. 
of its water capacity, and the power required to separate a sec- 
tion of the soil of a given area determined. This is related to 
the plowing of the soil. 

The ease or difficulty of plowing or cultivating a given field 
depends largely on the cohesion of the soil. A measure of this is 
the draft of the plow. The draft of a plow on sandy soil may 
be as low as 27 pounds per inch in depth of furrow, as against 
100 pounds per‘inch for clay. This means that the former would 
be light work for one horse, the latter heavy work for three 
horses. 

Increasing the amount of organic matter in the soil has the 
effect of decreasing the cohesiveness of clays, and increasing it 
for sands. A dressing of lime also tends to decrease cohesiveness 
of a soil. 

The state of dryness has an influence. Sand, lime, and humus 
have little adhesion when dry, but considerable when wet. Clay, 
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under certain conditions of moisture, is very hard to plow. The 
English practice of burning clays overcomes adhesion. When 
clay is burned and then crushed, the particles no longer adhere 
tenaciously when wet, and the mass is sandy-like rather than 
clayey. 


Shrinking on Drying.—Some soils increase in bulk when they 
become wet, and shrink on drying. ‘The shrinkage is very per- 
ceptible in some clay soils. ‘They become full of cracks and rifts 
on drying, and, since they harden about the rootlets imbedded in 
them, the roots may become ruptured during dry weather. Heavy 
clays may thus lose one-tenth or more of their volume. 

Sand does not change in bulk on wetting or drying, and, when 
present to a considerable extent in the soil, its particles prevent 
the adhesion of the clay particles. Although a loam shrinks on 
drying, the lines of separation are more numerous and less wide 
than in a clay. 

Some soils crack into comparatively small masses on drying. 
These are often termed buckshot soils. Others crack into larger 
masses, several feet in size. In others irregular cracks are found, 
sometimes an inch in width. Schubler prepared cubes of various 
soil constituents and determined the contraction in volume on 
drying. Pure clay contracted 18.3 per cent. of its volume; humus 
from the center of a decayed tree 20 per cent.; a sandy clay 6 per 
cent.; an arable soil 12 per cent.; a garden soil 14.9 per cent. The 
rifts allow an easier drying of the subsoil. The results of drying 
are afterwards favorable in a clay soil, the fissures affording 
drainage lines. The texture is improved, drying and moistening 
being favorable to formation of compound particles. Air is also 
admitted to the subsoil, and oxidation in the subsoil is promoted. 


Number of Particles in Different Types of Soil—The numbers 
in I gram have been calculated by Whitney’ as follows: 


[Bavtilye (Hee. 5 own eae ee enn aco T,955,000,000 
ite: ara! srmneilll ion eee ere oie 6 one 406 3,955,000,000 
INGORESG) close S45 oe eee cc tect | 6,786,000,000 
WWE ss edad oon een eno Sees cide 10,228,000,000 
(Gipals speci mevihieabeen siete ei-cc: ors,o.0 5 oh cea eens 14,735,000,000 
ILMENVERTOTE oo Soe oe COCA eRe Siciatcne ee 19,638,000,000 


1 Bulletin 21, Maryland Station. 
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The basis of this calculation is the assumption of a certain 
average size for each grade of soil particle. Knowing the size 
and the specific gravity of the soil, the weight of each grade of 
particle can easily be calculated. Then the numbers of particles 
‘of each size can be calculated from the weights of the various 
separations made in the physical analysis of the soil. 


Relation of Fineness to Fertility — The state of division of a 
soil has some effect upon its fertility. If two portions of a rock 
are prepared, one coarse, and the other finely ground, plants will 
grow better on the latter. With the same material, the rapidity of 
solution is in direct ratio to the extent of surface it exposes. The 
finer the particles, the more abundantly will the plant be supplied 
with the necessary nourishment. For example, a cube of rock 1 
foot square has six sides each 12 inches square, or six times 144 
square inches of surface. Cut this cube into cubes of 1 inch 
square, or twelve times 144 cubes, each of which has six sides, I 
inch square, and the exposure is six times 144 square inches. It 
is easily seen that as the division increases, the surface exposed 
to the action of roots also increases. 

It must not be assumed, however, that finely pulverized sandy 
soils would yield the same amount of plant food as clay soils. 
While this might be true in exceptional cases, as a rule sandy 
soils contain less plant food, as may be shown by a complete 
chemical analysis of the soil. 


CHAPTER Vik 


THE SOIL AND WATER. 


The plant food is dissolved in water and enters the plant 
through its roots. Water also serves as the medium by which 
matter is transferred within the plant, and it supplies the hydro- 

gen and a part of the oxygen used in the synthesis of organic 
~ matter. 

A large amount of water is required by plants, not only because 
plants contain considerable water, but also because the passage of 
water through plants is one of the most important means of plant 
nutrition. The evaporation of water from the surface of the. 
leaves produces an upward current of water which carries into 
the plant needed mineral material. The greater the evaporation, 
the greater is the transference of plant food from the soil to the 
plant, other things being equal. 


Transpiration—The loss of water through the leaf of the 
plant is termed transpiration. ‘The amount of loss by transpira- 
tion is easily determined with plants in pots.t. We weigh the pot 
of soil containing the plants at the beginning of the experiment 
and at the end of certain periods weigh it again; the loss of 
weight plus any water added, is water evaporated by plant and 
soil. The water evaporated from a pot of similar soil but with 
no plants, under the same conditions, is taken to show the evap- 
oration from the soil alone, although the shade of the plant makes 
a difference. The loss of water by soil and plants, less the loss 
from soil alone, gives the loss by the plant alone. Correction must 
be made for the increase in weight of the plant, if the experiment 
is conducted for some time. In another form of apparatus, the 
soil is covered with a galvanized iron cover, and the openings 
through which the plant extends is rendered water tight by means 
of modeling clay. Plarits may be grown in the free air by this 
apparatus, without danger of irregular results due to varying 
amounts of rain falling in different pots of the same series. 

If the plant is contained in pots or other vessels set in the 

' Montgomery, Proc. Am. Soc. Agron., 1911, p. 257. 
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ground, or if it is too large to be weighed, the evaporation of 
water may be estimated by determining the quantity of water in 
the vessel at the beginning and at the end of the experiment (by 
analysis of the soil), and measuring the quantity of water re- 
ceived by the vessel during the course of the experiment. 

In the transpiration experiments of the Bureau of Soils, the 
plants are grown in wire baskets covered with paraffin. Before 
the measurements of transpiration are begun, the pot is sealed 
with a sheet of paper coated with paraffin so as to exclude 
evaporation as much as possible, a suitable hole being left for the 
plants. The pots are weighed, and the loss of water is restored 
daily. 

According to Fittbogen, there is no relation between transpira- 
tion and the production of organic substance as measured by the 
carbon dioxide decomposed. 

Factors of TranspirationThe amount of water transpired 
by plants depends upon several factors: 

Humidity of Air—Transpiration decreases as the humidity of 
the air increases, for evaporation into dry air is much more 
rapid than into moist air. At the Nebraska Experiment Station,? 
plants were grown in an open greenhouse, in which the air was 
dry, and in a closed greenhouse in which floors and benches were 
kept wet, and water atomized into the air. The weights of water 
transpired per gram of dry weight, were as follows: 

in: dry -oreenhouse: icc curren ce oss. Siw oleae Serene 340 
Ty moisteereenhouse sateen Wee. «vin ss «olsen IQI 


Available IV ater.—Plants appear to transpire more as the avail- 
able water increases. The following figures show the amounts 
of water transpired from the same soil containing different quan- 
tities of water: 


Grams water used 
per gram dry 


Per cent. saturation weight produced 
TOO Ieee «Gos. cio ee Eee Pas a sw bee ee 290 
Sra ay Sa TRI Re Re Sous) 6 o's 2 Oe ee ean 262 
C0) Se ORE Re Bc dG6  . .lid.50,0 SPR eeenereren ens cSictor 239 
ie ae TERIOR irc oe oo 4 ot SEERA ee ay 8 229 
Se eae ore ee RR ab 8.0 0.60 3.0/0 0 OCR EERIE GaClene E 252 


1 Montgomery, Proc. Am. Soc., Agron., I9II, p. 276. 
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The plants did not grow normally with 35 per cent. saturation 
of the soil. 

Light.—More water is transpired in the light than in darkness. 
For example, Deherain? determined the water evaporated per 
hour and 100 grams of leaf, to be as follows: 


WATER EVAPORATED. 


Wheat Barley 
. Grams Grams 
1G SUS HHT o bdo do SHERI 05 OC AISO Od 6 One eer | 88.2 74.2 
In diffused light spo ehcubagad Chl 40 COO ce EE ers Hae | 17.8 18.2 
lial Gard ene ae oacesaecne Ladieo 64 Ac Uy eb oe ners Pe | Tea Pye) 
| 


On the other hand, excess of light may diminish transpiration. 

Composition of the Soil or Solution—The solution brought in 
contact with the roots or stem of a plant exerts a decided influence 
upon the amount of water transpired. According to Burger- 
stein,” small quantities of acid added to distilled water increase 
transpiration, alkalies retard it, and the effects of salts depend 
upon the nature and concentration of the solution. With single 
salts, transpiration increases with the concentration of the solu- 
tion, until a maximum is reached. The effect of mixtures of two 
or more salts depends upon the nature of the salts used. Of 
greater agricultural importance is the fact that a complete nutri- 
tive solution decreases transpiration. The following table gives 
some examples : 


Grams water 
| transpired per 100 
| grams dry matter 
| 
salts Period 7.5) a) ee 
Salts (hours) y With 0.170 
[aeeawy atch per cent. 
distilled solution of 
| water | the salts 
named 
|———— 
grams grams 
Potassium and calcium nitrates.............- 94 1,838 1,142 
Potassium nitrate and phosphate ..-...--.---- 96 1,670 1, 161 
Potassium nitrate and magnesium sulphate -- 120 2,794 1,939 


1 Jahresber. f. Agr. Chem., 1868, p. 273. 
* Jahresber. f. Agr. Chem., 1875, p. 388. 
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The fertility and nature of the soil also appear to exert an 
influence upon the quantity of water transpired. Widstoe’ found 
that the transpiration of corn is from 552 per gram dry matter 
on a loam, to 1016 on a sand or clay. 


Fig. 32.—Pot experiments, on moisture used by plants. Utah Station. 


Demoussy, at the Grignon Experiment Station (France), 
found that the poorer the soil, the more water was transpired. 
The following figures are quoted from him. 

GRAMS OF WATER TRANSPIRED PER I GRAM DRY MATTER PRODUCED. 


Rye grass | Clover? 


DENA Cl Gol soso ds aolco go boon Chon os OboD SOoBaeuIOoenad 630 454 
Exhausted soil with chemical manure----+--.-.. «- +. 233 398 
Exhausted soil with liquid manure .....---..-... sees] 435 255 
Exhausted soil with liquid manure..............-.-... 449 272 
Manured regularly ..... i5..-..0-cs%0- op OnE DDO O 630 322 


1 Utah Bulletin No. 105. 
Not manured the same as the rye grass. 
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In some pot experiments of Konig, similar results were secured. 
The relative quantity of crop produced on three soils was 100: 
122 :134, while the relative transpiration of water was 100:74 :03, 
being in the opposite direction. Gardner’ found in wire basket 
experiments, that as fertilizers increase plant growth, there is a 
marked diminution in water transpired per unit of growth. 

‘A fertile soil conserves moisture, so far as transpiration is con- 
cerned, much better than,a poor one. ‘That is to say, the better 
supplied a soil is with plant food, the larger is the crop which it 
can produce with a limited supply of water. The presence of 
plant food results in an economy of water. The smaller the 
quantity of available plant food present, the greater seems to be 
the effort made by the plant to secure sufficient plant food, by in- 
creasing the current of water passing through it. 

Results of an experiment with corn on soil types at the 
Nebraska? Experiment Station, are as follows: 


Water transpired per gram 


Character of soil 


Unmanured Manured 
ee OI CBI er ais ciciesueleiaera some oss. ts 's + 540 | 350 
Intermediate (Zien Ob )) cca -oomonmo bo UE ring Coe obin 478 341 
Quite fertile (50 bu.).------.---..-.--.-----6--- 3agI 346 


Vanety of Plant.—The difference in the transpiration of differ- 
ent kinds of plants is probably a factor in the adaptability of 
plants to climate and soils. Plants adapted to dry regions, such 
as cactus, salt bush, etc., transpire less water than plants suited 
to moist sections. There are other causes of endurance of 
drought, however, such as the deeper rooting already discussed. 

Age of Plant.*—Young plants transpire more water than older 
ones. ‘The younger the plant, the more water transpired per 
unit of dry matter produced. 

Amount of Water Required by Plants——The amount of water 
transpired during the growth of a plant may be calculated as 


1 Bureau of Soils, Bull 48. 
* Proc. Am. Soc. Agri., 1911, p. 277. 
* Khankhaje J. Am. Soc. Agron., 1914, I. 


124 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


parts of water per one part of dry matter of the plant, and may 
be considered to represent the amount of water required by the 
plant. ‘This quantity will vary considerably according to the con- 
ditions surrounding the plant, as we have seen in the preceding 
paragraphs. An estimate of the amount of water required to 
produce a given weight of dry matter is, therefore, only approxi- 
mate. Such an estimate may, however, aid in the consideration 
of problems relating to the water content of the soil. The follow- 
ing figures are averages of a large number of experiments by 
Briggs and Shantz." 


POUNDS OF WATER EVAPORATED BY THE PLANT PER POUND OF 
Dry MATTER PRODUCED. 


Water Water 
Kind of crop requirement Kind of crop requirement 
: pounds pounds 
ProsOmervcrim recite: 293 Soy beans ..........--- 744 
Millet: oc erociscassnenecess'. 2 310 Sweet clover sree 770 
Sore hun steer cic 322)  |Field peas .--.-...--- 2 788 
COnTme Tera ate keleretecekercio 368 ET CHES) «\cic-o dicis Chepefetamtererers 794 
EORMIte + cncanietersiceh ets: 383 (LOVES 0) hrceis aeiereneeeee 797 
Wilte@aiticicrantt a cretscreresrers 513 Alfalfa’... 32.2 eee paneer 831 
Barley ----.----- ae 534 Wheat, grass and brome 
Buelawihteatactrer ital saat: 578 QIASS o- ee eee eee eee ee S61 
Oats ice ecole oeeter rays 597 Tumbleweedand piyweed 287 
Rye sake aha eoneveharis hone tear sis . 685 Prrslatié.. «cot see 292 
RAGE hieleis, Seite woh ie Sw ecrancs 710 Buftalo QTASS---- +e eee 308 
PNT se onake vecehotien cee temenevors tens 905 Raassiaret histleseoeeemeee 336 
Sugar beet .----------- 397 Buffalo grass and grama 
Potato een woos 636 RAGIN Becks obpod acasac 389 
Cabbage, turnip & rape, 640 Cocklebur’. <2. seeeeae 432 
Cotton mesa ce alettees toe 646 (eal teyere Moros oOo mn 608 
Watermelon) sec -m--1-- | 600 Mountain sage.........- 616 
Cantaloup & cucumber | 667 Sievsuile\ese pole coovog ccs 683 
Squash and pumpkin... 791 Lamb’s quarters .-.-...- 801 
Cowpea.----.---.-+--- Silt Marigold 5, ae! aes cae : SSr 
Chick-pea..--. .------ 663 Western ragweed ..----- 948 
Beans.------++2 eeeee 728 Western wheat grass ---- 1,076 


In some of the arid states of the United States, fair crops of 
wheat are grown with an annual rainfall of 13 to 18 inches, most 
of which falls in the winter before the growing period of the crop 
begins. ‘This small quantity of water is effective, partly because 
the soils are rich in soluble plant food, partly because the saline 
matter in solution decreases transpiration. 


1 Jour. Agr. Research, 1914, I. 
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In regions of deficient rainfall, the crop produced is, as a rule, 
somewhat proportional to the water supply. §. Fortier* in Mon- 
tana made experiments with wheat grown in tanks. ‘The crop 
secured increased quite regularly with the amount of water sup- 


AVERAGE YIELD OF COFRN PEG ACFE. 
AVERAGE PRECIPITATION 1M SUNE, SULLY AND AUGUST 
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Fig. 33.—Relation of rainfall for June, July and August to yield 
of corn per acre. U.S. D. A. 


plied. In California, he found that the natural rainfall, 47% 
inches during the growth of the wheat, produced straw, but no 
grain; 4 inches of irrigation water produced at the rate of Io 
bushels, and 16 inches of water increased the yield to 38 bushels 
per acre. ‘This is in accordance with the law of minimum. Even 
in humid climates, irrigation may result in largely increased 
yields.2, King? in Wisconsin grew crops in barrels sunk level 
with the ground surrounded by the same crop as was in the 
barrel. The soil was kept saturated with water 6 inches above 
the bottom of the barrel. The crops produced far exceeded those 
produced in the surrounding field. The water used equaled 24 


1 Rep. Montana Exp. Sta., 192-3. 
2 King, Farmers’ Bulletin No. 46. 
® Rep. Wis. Exp. Sta., 1893. 
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inches. ‘The yield of oats and barley was 10,000 pounds dry 
matter per acre. The abundant supply of water thus had a 
striking effect. 

Smith’ has studied the relation of the rainfall to the yield of 
corn. Figure 33 shows the relation between the average yield of 
corn in bushels per acre, and the rainfall during June, July and 
August, in Ohio, Illinois, Indiana, Iowa, Nebraska, Kansas, 
Missouri and Kentucky for the years 1888 to 1902, inclusive. 

Duty of Water.—Duty of water is a term applied by irrigators as 
the measure of the quantity of water used per acre, but the term 
is also applied to the service which water may render in producing 
crops. McGee? estimates that it requires approximately 1,000 
pounds of water during the year to produce 1 pound of grains, 
etc. ‘This estimate allows for losses by evaporation, and its basis 
is the aggregate yearly supply of water from all sources. He 
presents the following table, based on personal observation, show- 
ing estimates of crop yields with varying amounts of water for 
the entire year: 


Depth per acre Corn Oats Wheat 

bushels bushels bushels 
TSULLNCIIGS: alerer els clatoliate tele ccteveN cis (erate tatateia takol s).cte!'s i0'rs/s te) 15 6 
36 inches Siicvatece wy ayeteus celebs cieroretehetelereneretstoneuste oe')e 35 40 12 
Met ho(e 1 cp eee Ole EA eae Goa 100 0 ae bee 70 80 25 
(Sep b (el oS o BONIS oe cKECKO cs Ga oo OO MOO CRpIeeIC 105 120 4o 


These figures are roughly approximate, as there are great var- 
iations in conditions. According to this table, 36 inches yearly 
rainfall will produce, on an average, 35 bushels of corn. ‘These 
figures indicate that the conservation of moisture is an important 
problem over a large portion of the United States. 

Quantity of Water in Soil. The following figures of Hellriegel® 
are the result of an experiment to ascertain the effect of the 
amount of water in the soil upon the crop production. ‘The ex- 
periment was carried out in pots. 

1 Yearbook, U. S. Dept. Agr., 1903, p. 216. 


2 Yearbook, U.S. Dept. Agr., IgI0, p. 174. 
’ Jahresber. f. Agr. Chem., 1870-2, p. 161. 
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EFFECT OF MOISTURE ON CROP. 


Barley 
Moisture in percentage water capacity of the sand 

Total Grain 
GOnoecog6oaco+ 1607 SRE G00 N65 010 c.g COA EMPEEES 6S cc oc 19.69 8.77 
GOMER OMS T6094 4 0.0 Coe RROUDOON 6050 1 Aten Coto 5c) 22.76 9.96 
AGES DRI a6 019-0 015 0.610 4 OAS CISIE Oe ihe ne TS co coc 2176) || TO:51 
FOaons obe550c002 200000 6o0bn 000000 DCO Oe aEmee Bou ocoS a 17.19 8.70 
DSi orale f Geos a, 6.5% Oobs SOON C.007 OCC DU GC EERIIEIO coc ooo. 14.62 FOThS 
Tine tos neva coco goes aud Do deO0 ceo COC UM EROGREMrE 5 o.Co 6 6.30 0.72 

Sige e a Ee Se nee ci: SS ORE RE An ee rrr 0.12 — 


The most favorable quantity of water in this case was 40 per 
cent. of the water capacity of the sand. Necessarily in this 
respect there will be a difference for different kinds of plants. 

According to this experiment, there is an optimum condition 
of the soil at which the moisture content is most favorable to 
plant growth. Below or above this optimum, there is a decrease 
in yield, independent of the wilting of the plant. Wilting is a 
sign of distress, signifying that moisture is lacking to an extent 
that endangers the life of the plant. The growth may suffer 
from lack of water long before wilting takes place. The experi- 
ments of Hellriegel were carried on in pots, in which there was a 
limited amount of soil at the disposal of the plants. In the open 
field, in which a greater range of root development is permitted, a 
smaller percentage of available water may suffice. 


Forms of Water in the Soil—Water is present in the soil as 
water of hydration, hygroscopic water, capillary water, and flow- 
ing water. 

Vater of Hydration is water in chemical combination with cer- 
tain soil constituents, such as hydrated silicates (zeolites) and 
hydrated oxide of iron. Most of it is retained when the soil is 
dried at 100°, and is driven off on heating the soil to a high tem- 
perature. As water of hydration cannot be taken up by pa it 
cannot be considered to be of value to the plant. 


Hygroscopic water is water which is absorbed by the soil from | 
the atmosphere. Every body in a moist atmosphere has a layer of 
water upon it, the thickness of which depends upon the tempera- 


» 
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ture and the degree of saturation of the atmosphere. The capac- 
ity of the soil to hold hygroscopic water can be determined by 
placing a thin layer of soil in a vessel, the air of which is saturated 
with water; the soil will take up a certain amount of water, 
which can be determined by the gain in weight of the soil. The 
temperature of the containing vessel must be uniform, for varia- 
tions in temperature in a saturated atmosphere will be liable to 
form dew on the soil. The layer of soil must be very thin, not 
over 1 millimeter thick. This method gives the maximum hygro- 
scopic capacity; if the air is not fully saturated, lower results 
will be obtained. 

The amount of hygroscopic water taken up depends very 
largely on the character of the soil. According to Hilgard and 
Loughridge,’ soils absorb the following amounts of hygroscopic 
moisture : 


Hygroscopic moisture 


Per cent. 
Sandy soils (less than 3 per cent. Clay)------.-----+++++- Bi 
Sandy. lOAWIS « «im rer EMRE Gio ois ros 0 wl wt lawn aia 3-5 
TG OAL Foie clete ge) ee] oho on cee mee MBME TAN oNallours)(0) 01 s''s)\0° so 's\e'e, 6.8. npieie¥erey sien 5 
Clay loams .----. see ee reece cece ee cee eee cece eee eee 5-7 
Clay BAO SO OOD EOS 6d 6 oot CU eee Oniocsio D.C 7-10 


The amount of hygroscopic water taken up by a given sub- 
stance depends partly upon its surface area. A mass of quartz 
will absorb much more moisture when in fine powder than when 
in large fragments. . It is also greatly influenced by the amount 
and character of the colloid constituents in the soil, such as hy- 
drated ferric oxide, alumina, gelatinous silica, hydrated silicates, 
and especially humus. Pure clay has a somewhat lower absorp- 
tive power than these. 

Value of Hygroscopic Moisture.—Plants are not able to utilize 
the hygroscopic moisture of soils. At least, they wilt before the 
moisture in the soil is withdrawn to the amount held by hygro- 
scopic power. ~ 

Heinrich? grew plants in very small boxes until well developed 
and then placed them under conditions of very little evaporation 

1 Rep. Cal. Exp. Sta., 1897-8. 
2 Jahresber. f. Agr. Chem., 1875-6, p. 368. 
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until they began to wilt. The moisture in the soil was then 
determined. ‘The hygroscopic moisture was also determined by 
the method already indicated. A variety of soils and plants were 
used. The following table shows the average results secured with 
Indian corn and oats: 


Water per too of dry soil 
When plants | Hygroscopic 
wilte water 
@oarse’samdly SOI. i. 5 ecw ene cele n cpa oes eee wee. 1.5 1.2 
Sandy garden soil -------.---.-..-----s+----e ‘ 4.6 3.0 
EGITTeMIATaRTT Sea TT Gictercic. co eictseletai meta cie ci wie cc sesso s 6.2 4.0 
Sandy loam...-..---.---- esses seen cece eee eee 7.8 5.7 
(CHileamaorG el secon poee ofoo BUG SECON er cee 9.8 542 
Wea teeta cera rena acl ehicve rete, cco: elle -ore late Mapemareceketels faevelsis e.s, 0.8. 49.7 42.3 


It appears that hygroscopic water may be of advantage in 
regions of hot, dry winds; the higher the hygroscopic water, the 
less rapidly the soil dries out and heats up. It also appears that 
heavy fogs, such as occur in parts of California, may add to the 
hygroscopic water of the soil, and keep the plant growing slowly 
when rainfall is lacking. 

Capillary Moisture.—This is the thin film of water surround- 
ing the soil particles and so held between them that it cannot flow 
off. In a clean glass tube of 1 millimeter internal diameter, 
capillary attraction will cause water to rise 15.3 centimeters; if the 
bore is 0.1 millimeter the water will rise 153.6 centimeters; if it 
is 0.01 millimeter the water will rise 1536.6 centimeters. That 
is, the height to which the water is carried varies inversely as the 
diameter of the tube. It also varies with the temperature and the 
liquid used. 

If glass tubes be filled with various soils and the lower ends of 
these be set in water, a great difference will be observed, both in 
the speed and in the height to which the water rises in them. 
This is the method used for comparing the capillarity of dried 
soils. 

The following table’ exhibits the differences in the height to 
which water rises in some soils: 

' Meister, Jahresber. f. Agr. Chem., 1859-60, p. 42. 
9 
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| 5% hours 21% hours 

| inches inches 
Clay loll eR SS OG Choe od6> coos 60 a eee 44° 80 
NWHIUS SOIL: .... cs 55 Sccle a cleo eeneneneMeIe ss cl. ea 44 70 
@arden earth «= sic sitet ciccte) salt emo se). 5 os 38 64 
Quartz SANG esac sence. sie te ele eNIEEE Sr c. Sie cos 37 45 
Sandy. Soil | .-\<.5.55 eater ots EEE cio-o == < | 26 36 
Chalky soil << .22 25-0 = 9c ees <=: oI 28 


Briggs and Lapham? found that water rose 37.5 centimeters in 
a dry soil, while in a moist soil it rose over 165 centimeters. The 
method of work was as follows: 

Two tubes of glass were provided with perforated bases, filled 
with soil, and saturated with water by sucking it up through the 
earth. One tube was then sealed at the base, and the other 
inserted in a reservoir of water. At various intervals of time, 
both tubes were weighed. If water rises by capillary action, the 
tube with reservoir attached will lose water more rapidly than 
the other one. If not, a section of the tube was removed after a 
suitable interval, and the operation repeated. For example, with 
one soil, no loss occurred at 180 centimeters; loss occurred at 
165 centimeters. The capillary water rose 165 centimeters, but 
did not rise 180 centimeters. 

The so-called capillary moisture of the soil is held as thin films 
of water surrounding the soil particles, due to what is called “sur- 
face tension.” The surface of the film of water surrounding the 
soil particle is in the condition of an elastic membrane exerting 
considerable pressure and consequently holding the water firmly 
against the soil particle. In a fully drained soil there is a condi- 
tion of equilibrium between the force of surface tension and the 
force of gravity. If the film of water becomes thicker and heav- 
ier, the force of gravity will gradually draw away the excess of 
water. If the films become thinner, a force is developed which 
may cause a flow of water from thicker neighboring films. 

Loughridge® studied the capillary action of soils placed in 
copper tubes I inch in diameter and in 1 foot lengths, fitting 


1 Bulletin 19, Bureau of Soils. 
2 Rep. Cal. Exp. Sta., 1892-4. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY I31I 


into each other. One side of the tube was made of glass so that 
the contents might be observed. ‘The bottom tube was closed at 
its lower end with muslin and the tubes filled with air-dry soil, . 
stirred in with a wire and made firm by a slight tapping on the 
table. In experiments with a sandy soil, an alluvial soil, a silty 
soil, and an adobe soil, water rose rapidly in the two coarser soils, 
reaching 8 to g inches in the first hour, while the water in the 
stiff, soil rose only 1 to 2 inches. The water rose rapidly in the 
sand, but only reached a final height of 161% inches. The other 
three soils, in 125 or 195 days, reached nearly the same height, 
but the alluvial soil, composed mostly of fine sand and silt, carried 
the water up most rapidly. ‘This experiment is an instructive 
illustration of the difference in the capillary power of soils. 

Water thus tends to distribute itself in the soil, through cap- 
illary passages or by the slower processes of surface distribution. 
When these operations are assisted by gravitation, as when rain 
falls, the water moves rapidly. When the movement of water 
is opposed by gravitation, as when a soil dries at the surface and 
is wet below, the movement is retarded by the increasing height 
of the column of water lifted, until finally it entirely ceases. 

Capillary action has some effect in raising water from the 
water table in a few instances when the water table is less than 
about 4 feet from the surface. One great function of capillary 
action and surface tension is to distribute water to the roots. 
When water is withdrawn at one place by the roots, it disturbs 
the equilibrium and causes a flow of water from points of least 
resistance. 

Flowing Moisture.—Water present in excess of the hygroscopic 
moisture held by capillary action, may be termed flowing water. 
It will pass downward through the soil at a rate depending upon 
the permeability of the soil. 

The quantity of water in a saturated soil depends entirely upon 
the air space in the soil. ‘The soil is saturated when all the air 
space is filled with water. The air space can be calculated from 
the real and the apparent specific gravity of the soil. 

Sand and gravel separately have an air space corresponding to 
about 40 per cent. of their total volume. When mixed together, 
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the small particles of sand enter the free space of the gravel, and 
diminish the volume of the free space. In ordinary soils, the vol- 

ume of the free space is somewhat greater than in sand or gravel, 
’ owing to the presence of porous or compound particles. A soil 
abounding in porous compound particles decreases in water 
capacity when reduced to a powder. Zenger found that the soil 
from a peaty meadow held 178 parts water:to 100 parts soil, 
but it held only 103 parts water when finely powdered. Colloidal 
bodies take up water and make the soil swell when wet. 

A soil is seldom completely saturated under natural conditions. 
The soil cannot become fully saturated unless the air which fills 
the interstices of the soil is allowed to escape. Rain covers the 
surface of the soil and closes the path of the air so that it gets 
out with difficulty. Only after long continued rains do soils be- 
come nearly saturated. ; 

The following table shows the quantity of water in naturally 
saturated soils, the samples being collected after continued rains: 


—————OOOOOoleeeeee"*ooeeleeeeeeeeeeeeee_ee—eu*$“$Samaa awa eee 


Water in naturally saturated soils 
Parts per Parts per 

100 of wet soil 100 of dry soil 
Quartz SATIG. Bietavevailors oo srereletcilatetbledavekerere siclohe = 18.4 22.5 
Clay Toamit = ieigcis cis pemrni-i-G ph amt eineinisiekeiekians -'~ - 22.4 28.9 
Brick Clay . eee eee cece cece eee cece ee eee 24.1 31.8 
Blache Wrarsiive cccte cc ei vtere crocchete rs syaleustevelsieretsiels-e 257, 34.7 
Loam, no manure 26 yearsS------++-+++----- 23.0 29.9 
Loam, artificial manure 26 years..-..----- 24.7 32.8 
Loam, barn-yard manure 26 years ----.- AIOE 37.6 60.2 


The first four analyses were made by King. The last three 
samples, from the Rothamsted? Experimental fields, show the 
effect of humus upon the water capacity. The accumulation of 
humus in the soil manured with barnyard manure increases the 
water capacity of the soil decidedly. On account of the larger 
amount of stubble left by the crop produced with a complete 
mineral fertilizer, this soil also holds more water than the one 
with no manure. 


1 Wisconsin Report, 1890. 
2 Jour. Roy. Agr. Soc., 1871, p. IIo. 
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Method of Expressing Water in Soils—The amount of water 
contained in a soil may be expressed in three ways'; first, in 
terms of the volume of water which occupies a given volume of 
soil; second, in percentage of water contained in the wet soil; 
third, in percentage of the dry soil. The following table (after 
Warington) gives the water in some soils fully saturated: 


Water in saturated soils 
Water by weight 
Volume of 
water per 100 
volume of soil In 100 Per 100 
of wet soil of dry soil 

(WOATSEIS ATIC iiche cis «clavate aiette tees eas 39.4 19.8 24.7 
SEIT RG ae omega aereererases aaa ere 45.4 23.3 30.4 
(Cihall Gor EEA iee ese Goce Sees 49.5 | 28.2 39.2 
pa crete ears aims arn an on cin) swan’ ania 5 50.0 27.8 38.5 
ANE ANT ces eo iesetiairers) Ssh xfs, whet cee w cpelaesssyere’< 60.1 Ae 45.4 
RAT CETIbCATE IS sce ceaietet evel acavietiatece axe tonecece 69.0 43.4 76.8 
JERI Giblocvor lak Ao come 6 ooo oS Rerebepats A 84.0 78.2 259.0 


It is better to compare volumes of water in given volumes of 
soil in considering the water content of different soils. The roots 
of the plant are distributed through a given space, which varies 
according to the kind of plant, depth of soil, etc., and it is the 
quantity of water and plant food in the space occupied by the 
roots which is important. This method of expression is, how- 
ever, cumbersome; for, in addition to the weight of soil and 
weight of water, there must enter into the calculation the real and 
apparent specific gravity of the soil. 

The expression of the water absorbed in terms of the weight of 
the dry soil has decided advantages, especially in laboratory work. 
Only two quantities are involved, the weight of the soil and the 
weight of the water. It is thus easy to calculate the amount of 
water which should be present in a given weight of soil to produce | 
a definite degree of saturation. 

Expressing the water present by weight in 100 parts of dry soil 
exaggerates the differences, between soils. This is most marked 
when peat is compared with a sand, for we really compare the 
water in seven volumes of wet peat with one volume of wet sand. 

1 Warington, Physical Properties of Soils, p. 69. 
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Retention of Water by the Soil.—A soil, though protected from 
evaporation, does not remain fully saturated, but loses water 
through capillary action and the action of gravity. If a wide 
tube of sufficient length, filled with coarse sand of uniform sized 
particles, is saturated with water and allowed to drain, we find 
two distinct layers; a short column of sand fully saturated, and 
a long column above it fully drained, and containing a nearly 
uniform quantity of water. 

If the particles of sand are not uniform in size, as in an ordi- 
nary soil, then we find three layers, but not sharply distinct as 
in the preceding case. The highest layer is fully drained, and 
the content of water of the soil increases, until the lowest layer 
is fully saturated. The water in the fully drained layer not only 
coats the particles but fills the finest of the interspaces. The pro- 
portion of interspaces occupied by water increases toward the 
bottom of the tube, until finally all the interspaces are filled and 
the soil is saturated. 

The following experiment of King’ exhibits the differences 
between two classes of soil material. ‘Tubes 10 feet long and 6 
inches in diameter were filled with sand prepared by sifting 
through sieves of different degrees of fineness. The sand was 
saturated with water, and allowed to drain, protected perfectly 
from evaporation, for 111 days. ‘The water in each 6 inches of 
the columns was then determined. Two of the series are shown 
in the table. 


I 
Particles Particles 
1/60” to 1/80” | less than 1/1007 

Per cent. Per cent. 
FES tfO Oe ie-c ore sneteasvere ells os age Glerereneretel sai es, «3 2.40 Beas 
Sian lsreetesmgoodosbo Cb6Gno00 Goan woe 06 o0 DDO 2372 aise 
‘Mabie iWoroieaoo Gone omc nocS DoOG 60 bodes oounU Ob 2.79 4.03 
IHOb Me EMO GOES OoPeor. dom cope Coe ocda sid cneeean 2.93 5.16 
EththtOOk «cis citerccders, f Sched ous eee oe Re eee eo 2.98 6.99 
SCHR OO te erase) wre: 2. duels oxchesvloviode. elev vel slalet Met ren ome te retetes (oleic Bae Qos 
Seventh! fOOti seme 0 cs ouais sues 0/o eeetee ete ors tices Bele 10.98 
BSH tO Obs wo leee ten 0 ine am ceieraiat > SEEDS ete = mie <= 2554 15.88 
IN Giant sfOO teeters © \o oa chine eveceVeWels eters one, cieerReIece se Siapace:s 13.50 18.90 
TenthfOOe ctect. ecole s sc: ave a ores whale ol og eremeneiowmictans fe slanais 20.51 19.99 


1 Report Wisconsin Station, 1893. 
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The particles in tube I are nearly uniform; the water content 
is nearly constant until the ninth foot is reached, when it suddenly 
increases. The particles in tube II are of varying size; the water 
content increases constantly from the top to the bottom. 

The amount of water retained by a drained soil depends upon 
the smallness of the spaces between the particles, and also on 
whether or not the particles are porous. The smaller the particles 
and the more porous they are, the greater the quantity of water 
held. Humus and other organic matter, being porous, increase 
the water retained considerably. 

The water held by drained soils may be determined by placing 
the soil in tubes which can be divided into sections, as in the ex- 
periment of King cited, though the tubes need not be so large. 
After the soil has been saturated and is fully drained, the water is 
determined in the different sections. Unless the tube is suff- 
ciently long, the upper sections will not be fully drained. The 
length of tube required depends upon the character of the soil. 
The following figures of Schloesing show the quantity of water 
held by fully drained soils: 


Weight of water in 
100 parts of drained soil 


COaLSCES ANC PPP Re Bei hans, 6. cre cis cine as Beowavns 3.00 
NAT Ou Sct] RMN AA EPS ne cteve otic cca 4 4 ee ei. iaiatw cnet 7.30 
(Chilkerir@onG Senna Auosate Aoh Boe Eb ene Oe race 32.00 
(Clen? Sole Bo at AGU Eb Un oes CCIE IE Emeriss 35.00 
[PISTHESRRNG al! OR ACs i cS ork he 42.00 


The state of consolidation of the soil affects the water held by 
it. Closely packed particles will retain at least twice as much 
_ water per unit of volume as particles loosely packed. Sandy soil 
has its capacity increased by rolling, and that of clay soil is 
reduced by pulverization. 

Water Capacity—The water capacity of a soil is the amount 
of water held by the partly drained soil. Fifty grams of soil 
are placed in a tube 114 inches in diameter, allowed to drain, and 
weighed. The gain in weight, expressed in per cent., is the water 
capacity. Other methods which vary in detail are used. The 
percentage of water held will vary with the height of the column 
of soil, and to some extent, with the time of draining, but the 
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results are comparable if the same method is used on different 
soils. 

The following figures? show the water capacity of some types 
of soils, determined by the method given above: 


Water capacity 
of some soils 
Per cent. 
Tarboro. Sand... hie een es <n o + « ss soe ee 25.1 
NorfolkiSandi\ eee coo... bo. eee eater 20.6 
Cécil|.clay, es pe NES ook owe aces bs Eee 45.0 
Cecil sandy loamy ents «oc bx. cee 36.8 
Durham*sandy learns wn ws os ss ss oe eee 28.9 


The water held by soils in cans 18 inches deep after continued 
rains averaged 58 per cent. of the water capacity measured in 
this way.’ 

Amount of Water at Disposal of Plant.—The amount of water 
at the disposal of the plant varies from time to time, according to 
a number of factors. The principal groups of factors are as 
follows: (1) The available water in the soil; (2) the root area of 
the plant; (3) the losses and gains of water by the soil; (4) the 
depth of the water-table. 

Available Water in the Soil—The amount of available water 
in the soil depends upon the nature of the soil, and the nature of 
the plant. 

Nature of Soil_—The forces which cause water to enter a plant 
are opposed by the osmotic pressure of the soil solutions and by 
the hygroscopic attraction of the soil particles for water. The 
soil attraction increases as its moisture content diminishes, con- 
sequently decreasing the rate of entrance into the plant, and 
diminishing the production of organic substance if the amount 
supplied is below the optimum. When the outgo of water be- 
comes greater than the income, the plant wilts. The point at 
which wilting takes place varies with the nature of the plant, but 
depends also on the nature of the soil, the temperature, and the 
humidity of the air. 

Briggs® and associates have elaborated methods for the deter- 

1 Rep. N. C. Exp. Sta., 1902-3, pe 39- 
* Texas. Bull. 183. 


% Proc. Am. Soc. Agron. IgIo, p. 138; I9II, p. 250; Bul. 230, Bureau of 
Plant Industry. 
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mination of the wilting point of plants, and traced the relation 
between the moisture content of the soils at the time of wilting, 
and the moisture equivalents of the soils, their hygroscopic power 
and their capacity to hold moisture. The moisture equivalent is 
the percentage of moisture the soil will retain in opposition to a 
centrifugal force 1,000 times the force of gravity. The relations 
between these factors he expresses as follows: 


moisture equivalent 
1.84 
__ hygroscopic coefficient 
ral 0.68 
moisture-holding capacity — 21 
ie 2.90 


Wilting coefficient = 


The water which cannot be withdrawn from soils by a plant 
may be termed unavailable water, and that in excess of this, 
available water. ‘The California Experiment Station holds the 
available water to be practically the hygroscopic water, that is, 
the moisture absorbed by the soil from a damp atmosphere. 

According to Caldwell,t the amount of water left in any given 
soil at the time of permanent wilting of plants is a function of 
the atmospheric ev aporating power for the period during which 
the permanent wilting is attained. 

Nature of the Plant.—Plants vary in their power of absorbing 
water from soils. That is to say, some plants will reduce the 
water in the same soil to a lower percentage than others, before 
wilting. ‘This may be due in part to difference in the ratios be- 
tween root area and surface growth, enabling a lower rate of 
supply of water to supply the requirements of the plant; or to 
greater root attraction for water by some plants, causing a larger 
flow of water into the one plant than in the other, under the same 
conditions of soil moisture; or to differences in the amount of 
water transpired. 

During a severe drouth, the California Experiment Station? 
determined the amount of water in a large number of soils, where 
plants were doing well, or were suffering. California soils, it 

1 Exp. Sta. Record 29, 523; 31, 729. 
2 Report 1897, p. 95. 
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must be recalled, are different from soils of humid climates, there 
being no distinction between subsoil and surface soil, the roots 


thus being able to strike deep into the soil. 
smaller quantities of water may suffice for crops. 


are as follows: 


For this reason 


The results 


Available water per cent. Doing well Suffering 
RIGS A6 Geocsd osm 404 Apricots Citrus 
HEMEGWAOINOOo Odes coGadoRoSece Citrus Almonds 
WPI doonbaciaccdosGodoGGcan sc Almonds Barley 
3-4 sib yele olakveretace is cafe ee Pears Wheat 
MAROC COAG BADD Gum dHoooo8 Wheat 
eGuioooo ose) cae GObbbSoSoncs Sugar beets 


Root Area of Plants—The greater the volume of soil occupied 
by the roots, the greater the quantity of water (and also of plant 
food) at the disposal of the plant. Hence operations which 
deepen the surface soil or loosen the subsoil, so as to allow the 
roots to penetrate more deeply, have a favorable effect upon the 
amount of water offered to the plant. ‘The volume of soil occu- 
pied by plants depends also upon the nature of the plant. 

Water-Table.—The water-table is the depth at which the soil is 
saturated with water, and is indicated by the depth of the water 
surface in shallow wells, which is slightly below the water-table. 
The water in the water-table is termed ground water. All per- 
manent lakes and ponds may be considered as extension of the 
water-table above the surface of the land. ‘The surface of the 
water-table follows, in a general way, the contour of the land, 
standing highest where the ground is highest, and low where the 
land is low. Land at the foot of hilly ground may receive a con- 
tinuous supply of underground water, even in time of drought. 

If a bed of impervious clay is present in the subsoil, the under- 
ground water accumulates on its surface. The water level may 
generally be lowered by drainage ditches or tile drains. 

The height of the water-table depends upon the character of 
the soil, the rainfall, and the climate. It usually fluctuates, rising 
during wet seasons and sinking during a draught. When the 
height of the saturated layer reaches a certain point, discharge 
takes place in the form of springs or as general drainage. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 139 


If the water-table is only a few inches beneath the surface, we 
have a swamp or bog; at one and a half to three feet in depth, 
we have a wet soil in which some plants, especially grasses, may 
flourish. A depth of 4 to 8 feet is favorable to agricultural con- 
ditions, though in many regions the water-table is much lower 
than this. 

In general, agricultural plants are injured if their roots are im- 
mersed for any length of time in the ground water, though many 
plants may send down roots to this water. 


Gains of Water by the Soil.—The chief ways in which the soil 
may gain water are by rainfall and irrigation. In addition, 
ground water may be brought up to within reach of the plant 
roots by capillary action. 


Regions having more than 20 inches rainfall are said to have 
a humid climate. The character of the rainfall must be con- 
sidered as well as the total quantity. If it is heavy and infre- 
quent, a large proportion of the water will run off on the surface 
and the region may possess more characteristics of an arid cli- 
mate than a region with a moderate rainfall well distributed. 


The amount of water gained from rain depends upon the 
nature and extent of the rainfall, the drainage, etc. A heavy, 
rapid rainfall may saturate the surface and flow off without any 
large quantity sinking into the soil. A slight rain may decrease 
the water content of the soil by establishing such capillary connec- 
tion between surface soil and lower layers, as to bring water to 
the surface which is lost by evaporation. 


If the surface of the soil is compact, the rain may flow off 
instead of penetrating the soil; but if the soil is loose, it will 
absorb considerable quantities of rain. One method of prevent- 
ing the washing of hilly land consists in deep plowing or subsoil 
plowing, so that the water will sink into the soil instead of run- 
ning off. In regions of slight rainfall, where it is desirable to 
save all the rain, the subsoil is stirred, and packed; this increases 
the capillarity of the soil and its power of holding water. ‘These 
are the methods of dry farming.* 

‘l See Dry Farming, by Widstoe. 
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Capillary Action.—lIf the water-table of the soil is so low that 
capillary action cannot raise water to the plant roots, it has no 
effect upon the plant. If it is within such distance that water 
can be raised to the soil’s surface, the water raised by capillarity 
will tend to replace the water lost by evaporation and transpira- 
tion. The extent to which this replacement takes place depends 
upon the relative rates of evaporation and transpiration, and the 
rate of capillary action. 


King? studied the amount of water which can be brought up- 
ward by capillary action, using cylinders 4 feet high and 1 foot 
in diameter, which could be supplied with water from below. 
The cylinder was partly filled with water, soil dropped in and 
stirred, and the operation repeated until the cylinder was filled. 
The water level was then lowered to 1 foot below the surface, 
and maintained at this point, while the surface of the cylinder 
was exposed for eight days to a strong current of air, and the 
quantity of water evaporated determined. The evaporation was 
determined with the water-table at depths of 1, 2, 3, and 4 feet. 
At the depth of 4 feet, the average evaporation from a fine 
sand and a clay loam was 0.9 pound per day and square foot. 
In order for this experiment to be complete, it would be neces- 
sary to prove that this quantity of water passed upward from the 
water-table. The evaporation of the water may have been due, 
in part, to the natural drying of the soil, although it decreased as 
the water-table was lowered. In Wisconsin, crops in this soil 
suffer considerably from drought, though the water-table is only 
5 feet from the surface, showing that in the natural condition 
the soil is able to raise but little water even a distance of 5 feet. 


The effect of capillary action in bringing up water is also shown 
by the Rothamsted drain gauges. The shallow one is 20 inches 
deep, the deeper one 40 inches. On an average of twenty-five 
years, the annual evaporation from the deeper gauge is only 0.6 
inch greater than from the shallow; this probably represents the 
quantity of water brought to the surface from below the depth of 
20 inches. 


1 Report Wisconsin Station 1889-1890. 


Fig. 34.—Corn on heavy clay soil (@) undrained (4) tiles 70 feet 
apart (c) tiles 44 feet apart. Wisconsin Station. 
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The roots of plants, however, may sometimes extend to con- 
siderable depths, and the presence of the water-table at a mod- 
erate distance from the surface, is thus an advantage. 

If moist air comes in contact with a cold surface it will deposit 
water. A soil may gain water from the air when the air is moist 
enough and the surface of the soil cool enough. It has been 
thought that water is sometimes distilled, as it were, from the 
lower layers of the soil into the upper. 

The monthly drainage from Mr. Greaves drain gauge’ in Eng- 
land, filled with gravel and free of vegetation, has in fourteen 
years exceeded the monthly rainfall nineteen times; twice in 
December, seven times in January, seven times in February, and 
three times in March. The amount of water condensed from the 
air must, therefore, have been in each case more than that lost 
by evaporation from the soil, and may therefore increase the 
moisture of the soil. In Texas very heavy dews have been 
observed at various times. Drain gauges in England sometimes 
run more water than falls as rain, especially in January, Feb- 
ruary, and March. 

Losses of Water from the Soil—vThe water which comes to the 
soil is lost in several ways. Part flows away without penetrating 
the soil, as surface water. Part percolates through the soil to 
the water-table and reappears in drains, wells or springs, or 
passes through subterranean channels to the sea; this may be 
called percolation water. Another portion of the water is evapo- 
rated from the soil into the atmosphere. Finally, the water taken 
up by plants is passed off through their leaves into the air (trans- 
piration). 

The proportion of the rainfall which passes off as surface water 
depends upon (a) the character and condition of the soil; (0) 
the slope of the land; (c) the amount and duration of the rain- 
fall. If the soil is loose and porous, either naturally, or rendered 
so by cultivation, a larger amount of water will penetrate it. The 
slope of the land determines the rate at which the water runs off; 
the shorter the time of contact between soil and water, other 
things being equal, the smaller will be the amount of water ab- 

1 Warington, Physical Properties of the Soil. 
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sorbed by the soil. The greater the quantity of water precipi- 
tated in a given period of time, the larger the proportion of it 
will run off as surface water. The more rapidly the water runs 
off, the more soil it carries along with it, and the more likely it is 
to do damage by washing. 

Percolation.—The rate at which water passes through the soil 
depends upon the character of the soil and the treatment to which 
it has been subjected. Sands allow water to percolate rapidly, 
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3 Drain Gauges— 
Each 7 feet 3-12 in. x 6 feet = z1,,th acre area: 
Respectively 20, 40, and 60 inches depth of soil. 
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Overflow tank to hold Drainage. == 2:000 ins. 


Fig. 35.—Drain gauges, Rothamsted, England. 


and since they usually have a low capillary power, they often 
suffer from drought. Some clays allow water to pass through 
so slowly that they remain wet and heavy, do not warm up 
quickly, and are often hard to work. The amount of water 
which percolates may be decreased by increasing the water capac- 
ity of the soil or subsoil. 

Drain Gauges.—Drain gauges are used to study the gains and 
losses of water by percolation and evaporation. ‘The composition 
of the drainage water may also be studied. 
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Fig. 36.—Concrete tanks for soil investigations, New York. 
(Cornell) Station. 
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A drain gauge is a water-tight vessel filled with soil and ex- 
posed to the rain under natural conditions. The water which 
passes through a given depth of soil is collected, measured, and 
otherwise examined, as desired. The soil may be kept bare, or 
cultivated or planted to various crops. ‘The drain gauges at 
Rothamsted are filled with undisturbed soil of that place. Ex- 
cavations were made along the side of the block of earth desired ; 
it was bricked up and isolated. Each drain gauge consists of a 
rectangular mass of heavy loams with flints, of an area of 1/1000 
acre, 20, 40, and 60 inches deep, respectively. All the rainfall 
either passes through this mass of earth or evaporates. Drain 
gauges may also be made of galvanized iron, and set permanently 
in the ground, or arranged so they may be lifted out and weighed. 
Drain gauges filled with loose earth represent unnatural condi- 
tions, and time should be allowed for the earth to consolidate 
before measurements are begun. 


Another method of studying drainage waters is to measure the 
water going off through tile drains, but this is not a good method, 
since only the ‘excess of ground water passes off through the 
drain. A large portion of the percolating water passes into the 
country drainage. 


Evaporation—The rate at which water is lost by evaporation 
depends upon the nature and moistness of the soil, its capillary 
condition, the temperature, velocity of wind, humidity of air, etc. 

The wetter the soil, the less the humidity of the air, the greater 
the velocity of the wind, and the higher the temperature, the 
greater is the loss by evaporation. 


If the upper layer of the soil is loose and porous, it will dry out 
quickly, and the rate of loss will then be influenced by the rate at 
which water is brought to the surface by capillary action. Ma- 
nure decreases evaporation. Evaporation is checked if the con- 
nection between the top soil and the under layer is broken by 
cultivation. Evaporation is also influenced by the rapidity with 
which the water penetrates the soil. Much larger quantities of 


1 Texas Station, Bull. 171, 183. 
10 
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water will be lost by evaporation if the water is retained near the 
surface, than if it sinks into the soil. 

The annual evaporation from the bare soil in the Rothamsted 
rain-gauges is apparently unaffected by the amount of rainfall. 
During nine years the rainfall varied from 22.9 to 42.7 inches; 
the evaporation from the shallow gauge varied from 16.6 to 18.4 
inches, while the percolation varied from 5.6 to 25.5 inches. 

The losses of water from soil carrying vegetation is greater 
than from a bare soil. In the rotation of crops, it is necessary to. 
consider this fact. For example, King! determined the percentage 
of water in two portions of a field about to be planted to corn; 
one portion had previously been a bare fallow, the other had 
carried clover. ‘The clover land contained much less water than 
the bare fallow land, and the corn on the bare fallow would thus 
be far better able to stand a summer drought. One injurious 
effect of weeds is to remove water from the soil. 

Relation of Water Content to Evaporation.—In the following 
table (by Schubler) the amount of water absorbed by soils is com- 
pared with the amount of evaporation during four hours: 


Percentage | Percentage of 
of water held | water present 
by soil evaporated 

Quartz sand ..--- ---. 5+ sees eee eee ee cece eee. 25 88.4 
Gypsum Cc cm o ono OG oktonin cic oG.oo.0.0'o Gg oremcroored 27 7 ery 
Lime SANG... 225. cece ee eee e cece ee cece tee eee 29 75.9 
Ibo Philo coSmWOed conc aaOdUaoRS) oco0 d6d0 ddr NatOOne Br 45.7 
Heavy clay +. <0 e026. ae ccce cane eevee ne ree eee 6I 34.9 
Pure gray clay. ---- +. -+2-ceenes cee eee ee eeee 70 31.9 
lsihnee(ehdoro TEhWS Ge MyAOL oonce cCodo sono oe Soosea une 85 28.0 
Garden: mold’ occ: sites 2c ore 6 a stoue ecrelins wrotaiete octet erate =! 89 24.3 
Jshipsohbbiosononbood so daoDeD dbounD soDe GodoLo aaouoD I8I 25.5 
- Fine carbonate of magnesia...-.-----. +++ ++... 256 10.8 


It is evident that the finer soils have not only a greater water 
capacity, but also allow less evaporation to take place. 

Control of Water.—The control of water, so that plants may 
at all times receive the optimum amount, or as near it as possible, 
is one of the most important parts of agricultural practice and 
the chief object of many operations of tillage. 

1 The Soil, Igr. 


aa 
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Control of the water supply is exercised by storing water in the 
soil, by irrigation, by improving capillary conditions, by preven- 
tion of loss, by decreasing transpiration, by drainage. In regions 
where rainfall is deficient, especially during the crop season, it 
may be necessary to store up the rain as much as possible. Sur- 
face water may be conserved by plowing the soil before the rainy 
season. Due regard should be paid to proper ditching, to prevent 
washing. ‘The subsoil may also be plowed and in arid regions 
(dry land farming) it is packed after plowing so as to restore its 
capillary spaces. In some dry regions a crop is grown only every 
alternating year. The first year, the soil is plowed, and the sur- 
face is kept loose and porous so as to reduce the loss by evapora- 
tion; the second year the crop is grown. 

The capillary condition of soils which are too loose and porous, 
and also 'those too heavy and compact, is improved by incorporat- 
ing vegetable matter with the soil. Capillary conditions may also 
be improved by plowing of soil or subsoil when in suitable condi- 
tion. > 

Under-drainage, by aerating the soils, allows roots to go deeper, 
and so places at their disposal a larger volume of soil containing 
plant food and water. Since an excess of water keeps the soil 
cold, drainage causes the land to warm up sooner in the spring. 

Losses of water by evaporation may be prevented by tillage. 
Surface cultivation of the soil breaks up the capillary pores, and 
prevents water rising to the surface. The following table of 
King illustrates the effect : 


Water evaporated 
in 221 days. 


Inches 
\Sormyreye? Salle 5 Sete Sn ao arrestee cine ee 7.98 
PSE DG CU TPAC hits ort. ots erattiata fis gs s+ = «0% v « cciciemnrommmetels 5.00 
SS BFET Ch SINCE tia tere eicie.e cle a's ss. + eis aslegne dates < 4.20 
SU 2M in [el (20 ey Patera i: 3.06 
BHGREG A: INCHES ove his.o fetic so o's ce oo o's emeetonasiet ee 3.60 


Compacting the soil by rolling increases evaporation, since it 
increases the efficiency of the capillary pores. Rolling after plant- 
ing grass seed is often advantageous, as it brings moisture to the 
surface to sprout the seed. 


148 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


The destruction of weeds prevents loss by evaporation. In 
orchards it is often advisable to keep the soil cultivated and free 
from weeds or crops in order to prevent injury to the trees from 
want of water. 


Wet and Dry Soils.—Dry soils are composed of coarse par- 
ticles, with free percolation and little power of retaining water. 
Wet soils are composed of very fine particles having an enormous 
extent of intersurface and offering great resistance to the passage 
of water. 

The character of the subsoil is also of great influence. A sandy 
surface soil acts differently when it has a subsoil of loam or clay. 
A clay soil is no longer wet when it has an open porous subsoil. 
Whether the soil is level or on a hill side or receives the drainage 
of higher land, influences the water held in the soil. 

The most suitable physical composition of a soil depends on the 
climate and the situation in which it is placed; soils of great value 
in one situation may be of little value in another. A clay land 
which can be used only for pasture with an available rainfall of 
40 inches, may be used for field crops where the rainfall is 
only 25. 

Effect of Cultivation and Manure.—Shallow surface cultiva- 
tion conserves moisture. Rolling compacts the soil and causes 
water to rise to the surface. Fall plowing allows water to pene- 
trate the soil, and if followed by surface cultivation, may allow a 
balance of water to be carried over to the next season. Spring 
plowing, if followed by dry weather, causes loss of moisture by 
evaporation; it should therefore be followed by surface cultiva- 
tion. Manure or straw, spread as a mulch, prevents loss of water 
by evaporation. 


CHAPTER VIIE 


CHEMICAL CONSTITUENTS OF THE SOIL. 


The soil is composed of disintegrated rocks, containing organic 
matter. Its constituents are, therefore, inorganic and organic. 

The inorganic constituents consist of the original rock minerals, 
products of their partial decomposition, and their final products 
of decomposition. The organic constituents consist of unchanged 
residues of plants and animals, intermediate substances formed by 
the action of bacteria, molds, and other agencies, and the final 
products of decomposition, namely, carbon dioxide and water. 


Primary and Secondary Minerals.—By far the greater portion 
of the crust of the earth, and of the soils thereon, is composed 
of silica, and combinations of silica with bases, termed silicates. 
A large number of silicates are known, many of which are very 
complex in constitution. Igneous rocks, which are the oldest 
rocks, are composed entirely of silica or silicates. Primary sili- 
cates undergo chemical changes, under the action of the air, 
water, and other natural agencies, whereby other silicates and 
other minerals are formed. ‘The unchanged minerals found in 
igneous rocks are for this reason termed primary minerals, and 
those produced from them by chemical agencies are called sec- 
ondary minerals. 

Soils are composed of three classes of minerals: 

(a) Primary minerals, the unchanged minerals of igneous 
.tocks, not easily affected by chemical reagents. 


(b) Hydrated silicates, which are intermediate products of the 
decomposition of the primary minerals, and more easily acted on 
by chemical reagents and the roots of plants. 

(c) Final products of weathering. 


The relative abundance of these three classes of minerals in the 
soil will depend on the age and nature of the rock material and 
the nature and activity of the weathering agencies. Old soils are 
naturally more highly decomposed than are soils of more recent 
origin. ‘Transported soils consist of a greater variety of minerals 
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than soils formed from rocks in place, which are not mixed with 
the products of the decomposition of other rocks. 

Primary Minerals—Dr. F. W. Clarke,1 Chemist to the U. S. 
Geological Survey, has calculated the relative abundance of the 
minerals of igneous rocks to be as follows: 


Per cent. 
Feldspars*< sc... (he pees = o's vo es cc eptetinilere eee 50.5 
Hornblende andogynomenecees.............cednenesteae 16.8 
Qartz a ee Be Ae eI aicis sie es wis ow aplelersterineleetenee 12.0 
BiOtite <.e 50 one e eS os 5 Te vo ec oes sealing mraiteite 3.8 
‘Txtaniium “niinebal seers so... ss. ee es daemon 1.5 
Apatite’. 2.25 se eerereeiics o's «vie 0 saie bie wets oli emtonene 0.6 
Less frequent eatmmertlomeeties:. «ss. s'o.c0 as 0 cleteesloe eiuleine 5.8 


Quartz is crystallized silicon dioxide (SiO,) and is widely dis- 
tributed in nature. It is insoluble in water or any acid except 
hydrofluoric. It is very hard and not easily broken. It cannot 
be dissolved or decomposed by natural agencies, although it may 
be reduced to a fine powder. It is often found as pebbles, sand, 
and sometimes a very fine powder, in residues from rocks which 
have otherwise undergone serious changes. It is of common 
occurrence in soils. It has no value to plants as food. 

Feldspars are double silicates of alumina with potash, soda, or 
lime. ‘They are widely distributed, making up about 60 per cent. 
of the average igneous rock. The chief varieties of feldspar 
are: 


Orthoclase, a potash feldspar..--.. +--+. ---+.-eeeeee KAISi,0; 
Albite, a soda Feldspar ote natts shave 6! oS ee os wa valekeree NaAl1Si,O, 
Anorthite, a lime feldspar.... +--+ +.++e-seeeeeee ees CaAl,Si,O, 


A number of intermediate varieties occur, such as oligoclase, a 
soda-lime feldspar. 

Feldspars are not acted upon by strong acids (except hydro- 
fluoric) and can only be brought into solution after fusion with 
carbonate of soda, or by decomposition with hydrofluoric acid. 
They are slowly decomposed by weathering agencies. If finely 
ground feldspar is brought in contact with water containing phen- 
olphthalein, the liquid assumes a red color. ‘This is due to the 

1 Bulletin 419, p. 9. 
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solution of a small amount of soda and potash, which, being 
alkaline, turn the phenolphthalein red. A number of other min- 
erals behave in the same way. The quantity of alkali which goes 
into solution is, however, very small. Only a small fraction of 
feldspar is dissolved by the concentrated hydrochloric acid used 
in soil analysis and about I to 4 per cent. of the total potash. 
The potash held in feldspar has only a slight value to plants, as it 
is dissolved very slowly. 

Micas are primary silicates, which are easily split into thin, 
flexible, and elastic leaves. They have a complex and varying 
composition, being silicates of alumina with potash, lithia, mag- 
nesia, iron or manganese. Muscovite is light colored potash mica, 
H,KAI,(Si,0,),. Biotite, a dark colored mica, is a complex hy- 
drated silicate of alumina, iron, potash, and magnesia of varying 
composition (H,K),(Mg,Fe),(Al,Fe).(Si,,0,) >. 

Micas are decomposed very slowly. ‘They persist for a long 
time after the other rock minerals have been entirely changed by 
weathering. Almost any soil derived from granite contains flakes 
of mica, which are more easily seen if oxides of iron are removed 
with a little hydrochloric acid. Micas aid in the decomposition 
of rocks in which they are present, by allowing water to percolate 
into their fissures. Mica is, to a large extent, dissolved by strong 
acids, and it is probable that the plant food it contains is more 
easily used than that of feldspar. 

Hornblendes and pyroxenes include a number of silicates of 
varying composition, though with related properties. They are 
complex silicates of magnesia, alumina, lime, and iron. They are 
usually green, brown, or black in color. They are easily affected 
by natural agencies. Olivine is a silicate of iron and magnesia 
(MgFe).Si,O,. 

Apatite 3Ca,(PO,),Ca(Cl,F), is a crystallized phosphate of 
lime. It is considered to be the chief form in which phosphoric 
acid occurs in igneous rocks. 

Secondary Minerals——The minerals formed from the primary 
minerals by processes of combination with water, by solution, 
oxidation, or by partial or complete decomposition, are termed 
secondary minerals. They occur in rocks formed by decomposi- 
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tion of the igneous rocks, and in soils. A few of them are de- 
scribed in the following paragraphs. 

Hydrated silicas are formed by the deposition of silica from 
aqueous solutions. From many silicates water dissolves silica, 
which may be deposited as various forms of hydrated silica. 
Hydrated silicas are probably present in some soils. 

Hydrated silicates are produced by combination of water with 
primary or secondary silicates, with or without loss of matter by 
solution. The complex hydrated silicates are more easily decom- 
posed, and otherwise enter into reactions much more readily than 
the primary silicates, from which they were formed. ‘They are 
also more easily decomposed by acids. Hydrated silicates appear 
to be of considerable importance in the soil. A great number of 
hydrated silicates are known. 

Zeolites are hydrated silicates of alumina, with varying 
amounts of potash, soda, lime, etc., produced by hydration and 
decomposition of many varieties of minerals. ‘They are easily 
decomposed by acids. A large number of zeolites are known. 
They take part in some important reactions which occur in the 
soil, especially the fixation of potash. 

Chabazite (HK),CaAl,Si,O,,+6H,0O, stilbite (CaNa),Al,Si,- 
O,,+6H,O, analcite Na,Al,$1,0,.+2H.O and prehnite H,Ca,- 
Al,Si,0,,, are hydrated silicates belonging to the zeolite class. 
They are soluble in hydrochloric acid, the silica being separated. 
When brought in contact with salts of potash, they remove some 
of the potash from solution and replace it with equivalent quan- 
tities of lime or soda. For example, the minerals named below? 
were treated with a strong solution of sulphate of potash, washed 
and subjected to analysis: 


Original mineral | After treatment 


Per cent. potash | Per cent. potash 


Stil 1teve ave sus yeic ie oianc tel cuss ee lek ein neti ened pene 0.25 2.050) 
stilbite, another sample .....5 --0)..a5-4- 0.17 4.09 
WATT AICIEE tacratetetels srsy ls) a/alieiepein isis neue arate te 0.47 1.54 
Khe baz tericcisterstale cclaters ac rcla ete eke ae eee 0.90 4.82 
Chabazite, another sample..............-. 1.00 5-96 


1 Texas Station, Bulletin 106, p, II. 
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The reaction may be represented as follows: 

Chabazite + K,SO, = K, Chabazite + CaSQ,. 

The reaction is reversible. When treated with sulphate of 
lime, or other lime salts, the absorbed potash is partly replaced by 
lime. 

K, Chabazite +- CaSO, = K,SO, + chabazite. 

The extent of the change depends on the conditions of the 
experiment and will be discussed under the topic of fixation by 
the soil. It is possible that other hydrated silicates besides zeolites 
take part in the fixation of potash. 

Pinite is a hydrated silicate of alumina and potash, resulting 
from the decomposition of felspar and some other minerals. 


Kaolinite is a hydrated silicate of alumina having the formula 
Al,Si,O,2H,O. Kaolin is largely composed of kaolinite. Clay 
contains kaolinite. Kaolin may be considered as a final product 
of weathering of feldspar and other silicates containing alumina. 
The reaction which occurs in the formation of kaolin by the 
action of water containing carbon dioxide upon feldspar, may be 
written as follows: ; 
fenloi.O).. -- EO —- CO; = AI,Si,0, + K,CO, + H.s1705. 

If lime or soda is present, its carbonate is formed in this decom- 
position. ‘The lime or soda may be converted into sulphate or 
chloridé if sulphur or chlorine is present in the rock. 

Chlorites are hydrated silicates of alumina, magnesia, or iron. 
They are products of the decomposition of hornblende, augite, 
and magnesium micas. Further decomposition results in serpen- 
tine. 


Talc and serpentine are hydrated silicates of magnesia. They 
are soft with a greasy feeling. Serpentine results from the decay 
of olivine, and, though less often, from augite or hornblende. 

Glauconite is a hydrated silicate of alumina and iron, contain- 
ing a small quantity of lime, magnesia, potash, soda, and phos- 
phoric acid. It often occurs as grains of a green color, and is 
termed green sand. Green sand marl is a mixture of glauconite 
calcium carbonate and clay. 

Carbonates of lime and magnesia result from the action of 
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carbon dioxide and water upon many silicates containing lime 
and magnesia. Both compounds are slightly soluble in water, 
and more soluble in water containing carbon dioxide. All waters 
which have been in contact with the earth contain lime and 
magnesia. Large limestone deposits have been formed by shell 
fish and other organisms, which withdraw carbonate of lime from 
solution. Many of our most fertile soils are derived from lime- 
stone deposits, or contain 2 per cent. or more of carbonate of 
lime. Carbonate of lime is an important soil constituent. Its 
presence flocculates clay and makes clay soils less sticky and more 
easily worked. In calcareous soils, the phosphoric acid and 
potash is generally held in more available forms. Carbonate of 
lime unites more or less slowly with soluble phosphates which 
may be present or introduced into the soil, forming compounds 
which, while less soluble than before and of less value to plants, 
are more soluble and apparently of greater value to plants than 
the soil compounds of phosphoric acid with iron or aluminium. 
Other actions of lime will be referred to later. 


Sulphate of lime is found in small quantities in many soils, in 
large quantities in a few soils. 


Iron Minerals.—By the decomposition of silicates containing 
iron, various compounds of iron are produced, mostly oxides and 
carbonates. ‘These bodies ordinarily occur in the soil, often giv- 
ing the soil a red, brown, or yellow color, depending on the stage 
of oxidation. Hematite is anhydrous ferric oxide Fe,O,, red 
when finely powdered. Magnetite Fe,O, is black oxide of iron. 
Limonite is hydrated ferric oxide 2Fe,O,3H,O, and has a yellow 
or brown color. Siderite is carbonate of iron, and is gray or 
brown in color. It is affected with difficulty by cold acids, easily 
by hot acids. Limonite is deposited from water containing 
iron. Oxides of iron are reduced by decaying vegetable 
matter and combine with carbonic acid to form ferrous car- 
bonate, which dissolves in water. On exposure to the air, the 
ferrous carbonate is oxidized and is precipitated as insoluble 
hydrated ferric oxide. ‘This action does not take place in soils 
containing carbonate of lime. A layer of hard pan, consisting of 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 155 


rock grains cemented by limonite, is often formed below poorly 
drained soils. 

_ Pyrite FeS, has a light yellow color and is often called fool’s 
gold. It is easily oxidized to sulphates by atmospheric agencies. 
It is sometimes formed in badly aerated soils. 

Phosphate Minerals—Phosphates do not, as a rule, occur in 
large quantities in the soil, but are important on account of their 
indispensability to plant life. The important phosphate minerals 
are: Apatite, or crystallized calcium phosphate 3Ca,(PO,), + 
Ca(CLF),; phosphate rock, or amorphous calcium phosphate; 
vivianite, which is hydrated phosphate of iron; wavellite, or 
hydrated phosphate of alumina. ‘The three phosphates named 
last probably occur in soils. A large number of mineral phos- 
phates are known. Dr. F. W. Clarke, of the U. S. Geological 
Survey, assumes that all the phosphoric acid of igneous rocks is 
present at apatite.. The bulk of the phosphoric acid of or- 
dinary soils is probably in combination as basic phosphates of iron 
or aluminium, or in basic silicates of these elements. Such forms 
of combination are apparently not as valuable to the plant as the 
calcium phosphates. Organic phosphorus compounds are also 
present in the soil. 

Soluble Salts —Sulphate of soda, or glauber’s salt, sulphate of 
magnesia, chloride of soda, carbonate of soda and nitrate of soda 
may be found as constituents of soils in arid sections, and, if 
present in excessive quantity, are detrimental to vegetation and 
give rise to alkali soils. 

Investigations of the Mineral Constituents of Soils—Studies of 
the mineral constituents of the soil’ are made by means of micro- 
scopic examination with the aid of polarized light, stains, and 
other tests. Comparatively few mineralogical studies of the soil 
have been made. They are sufficient, however, to show that there 
are considerable differences in the mineral content of soils, par- 
ticularly of those of widely different origin. 

Chemical examination also throws some light upon the mineral 
composition of the soil. The quantity and character of the sub- 
stances brought into solution by means of various solvents, may 


1 Bull. 91, Bureau of Soils. 
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be compared with the effect of the same solvents under the same 
conditions upon minerals in the proportions in which they may 
occur in soils. For example, known phosphates of lime are com- 
pletely dissolved by fifth normal nitric acid under certain condi- 
tions ; some phosphates of iron and aluminium are also completely 
dissolved, while basic phosphates of iron and aluminium are dis- 
solved by the solvent only to a slight extent. Hence treatment of 
the soil with this solvent gives an idea as to the condition of the 
inorganic soil phosphates. This matter will be discussed later. 

Hilgard? determined the alumina dissolved and the silica which 
was liberated by strong acids, and by comparing the relative 
quantities, came to the conclusion that the quantity of silica was 
not sufficient to combine with the alumina to form known sili- 
cates, and that a portion of the alumina in certain soils is present 
as hydrated alumina, probably Gibbsite Al(OH),. 

Rare Elements.—Small quantities of chromium, vanadium, zir- 
conium, barium, strontium, lithium, rubidium and other elements, 
are found in soils.* Radioactive substances are also present in 
practically all soils. 


Organic Matter—The organic matter and nitrogen of the soil 
are closely related, for nitrogen is chiefly in organic combination. 
The organic matter of the soil consists of the residues of plants 
and animals, animal excrements, and the products of the action 
of bacteria, yeasts, molds, and other soil organisms. All the 
compounds which are found in plants or animals, enter the soil, 
through the presence of some of them is very transitory.* Sugars, 
urea, and similar substances, are rapidly changed into other 
bodies. Cellulose and lignin, which make up the woody matter 
of plants, decay much more slowly, and may remain in the soil 
for some time. Lactic, acetic, and butyric acids are pro- 
duced by the fermentation of sugars and starches. Vegetable 
acids, such as oxalic, citric, tartaric, and malic acid are introduced 
into the soil in plant residues, but are quickly destroyed by bac- 


1 Texas Station Bulletin 126. 

* The Soil, p. 389. 

3 Bureau of Soils, Bulletin 122. 

* Wollny, Die Zersetzung d Org. Stoffe. 
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teria. Proteids and fats persist for a longer or shorter time, ac- 
cording to their nature, nuclein being apparently quite resistant. 
It is thus possible for all the organic compounds found in plant 
or animal residues to be present, in greater or less quantity, in 
the soil, and the student of soil chemistry must bear this possi- 
bility in mind. 


Organic Compounds Isolated—Chemical study of the organic 
matter of the soil has rendered probable the existance of a num- 
ber of organic bodies in the soil. The organic compounds claimed 
to be isolated, so far, make up only a comparatively small per- 
centage of the total organic matter. 

Pentosans.—The presence of pentosans in the soil was demon- 
strated by de Chalmot! and others and confirmed by Schreiner 
and Shorey. In ten soil samples, pentosan carbon made up 1.30 
to 28.5 per cent. of the total carbon. 

Ether Extract.2—The soil gives up about 0.02 per cent. ma- 
terial to ether, and about the same quantity to chloroform fol- 
lowing the ether. ‘The ether extract consists of fatty acids and 
wax alcohols, such as are found in plants. 

Over thirty-five compounds® have been so far isolated. These 
include the following: 

Hydrocarbons.—Hentriacontane C,,H,,. 

Acids—Dihydroxystearic acid C,,H,,0,, picoline carboxylic 
acid C,H,O.H, paraffinic acid C,,H,,O,, monohydroxystearic , 
fed, C,,H.,0,, lignoceric acid C,,H,,O., agroceric acid C,;H,,O,, 
resin acids, oxalic acid, acrylic acid, succinic acid and benzoic 
acid. 

Glycerides—Glycerides of fatty acids identified in one soil and 
probably present in several soils. 

Wax Alcohols.—Phytosterol C,,H,,O.H,O and argosterol 
C,,H,,O.H,O from individual soils. 

Nitrogenous Compounds.—These are chiefly bases, and form 
salts with acids. Arginin, cytosine, xanthine, hypoxanthine, lysin, 


1 Am, Chem. Jour., 1894, p. 229. 

2 Texas Bulletin, 157. 

3 Schreiner and Shorey, Bulletins 53 and: 74; Shorey, Bulletin 88, 
Bureau of Soils. 
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adenin and triomethylamin; also the proteid, nuclein have been 
isolated. 

Miscellaneous——These include salicylic aldehyde, mannite, 
rhamnose, and also charcoal, lignite and coal particles.* 

Significance of the Organic Compounds.—As stated above, the 
organic compounds mentioned make up only a very small fraction 
of the total organic matter of the soil. The bulk of the organic 
matter is made up of so-called humus, which will be discussed 
later. There is still much room for investigation in distinguishing 
various chemical compounds in the soil. Some of the organic 
compounds mentioned above have been found in only one or two 
soils, while others are perhaps of general occurrence. Most of 
them appear to be indifferent toward plants, and their significance 
towards plant growth or soil chemistry is not known. ‘The im- 
portance of these substances is at present chiefly due to their 
relation to the toxic theory of soil fertility. 

The Toxic Theory.—According to the toxic theory of the 
Bureau of Soils, “the production of toxic excretions by the roots 
of plants is undoubtedly a factor in soil fertility.’ ‘So-called 
exhausted soils are poisoned soils.”* “Practically all soils contain 
sufficient plant food for good crop yields—and—this supply will 
be indefinitely maintained.”* “The small yields of unproductive 
soils can be greatly improved by treatments which destroy toxic 
substances in these soils.’”® “The soil is the one indestructible 
immutable asset that the nation possesses. It is the one resource 
that cannot be exhausted, that cannot be used up.’’® 

The evidence offered in support of this theory is based chiefly 
upon experiments in water cultures and wire-basket tests of 
about three weeks duration. ‘The aqueous extract from an un- 
productive soil grew larger wheat plants when ferric hydrate, 
calcium carbonate, or carbon black were added to it.’ Pure water 


1 Shorey and Brown, Bulletin 90, Bureau of Soils. 
Bulletin 40, p. 4o. 

Bulletin 28, p. 28. 

Bulletin 22, p. 63-4. 

Bulletin 47, p. 51. 

Bulletin 55, p. 66. 

Bulletin 28. 
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is better suited for growing wheat plants than is the soil extract 
of poor soils.1 The extracts of the poor soils are benefited by 
nitrate of soda, carbon black, pyrogallic acid and tannic acid, 
and the same chemicals have similar effects when added to the 
soil.2, Dihydroxystearic acid and picoline carboxylic acid isolated 
from soils kill wheat seedlings at dilutions of 100 parts per mil- 
lion, and are injurious in lower amounts.* Fertilizers decrease 
the injurious effects of certain organic substances.* 


Fig. 37.—Wheat seedlings ten days old grown in water containing dihyd- 
roxystearic acid (1) 200 parts per million; (2) 100 parts; (3) 50 
parts; (4) 20‘parts; (5) o parts. Bureau of Soils. 
Dauheney,’ at Oxford, England, tested the old toxic theory of 
De Condolle by a rotation experiment, in which 18 different crops 
were grown continuously on the same plots in comparison with 
the same crops grown in various rotations; the yields were not 
sufficient to justify the assumption of the existence of a toxin. 
Russell® grew six crops of rye in succession on sand containing 


1 Bulletin 36. 

2 Bulletin 36. 

3 Bulletin 47. 

* Bulletin 7o. 

5 Phil. Trans., 1845, p. 179. 

§ Soil Conditions and Plant Growth, p. 111. 
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nutrient salts. A seventh crop grown on this sand, and another 
crop on fresh sand, were practically equal in size. Other experi- 
ments with rye on soil, and with buckwheat and spinach on sand 
and on soil, give practically the same results. Hence there is no 
evidence that the previous crops left toxic residues. : 

Russell? states that single salts of potassium, magnesium, 


Fig. 38.—Wheat seedlings (second crop) grown in, (1) distilled water, (2) 
distilled water and calcium carbonate, (4) potassium sulphate 
and calcium carbonate, compared with (3) those 
grown in potassium sulphate solution. 
sodium, etc., are toxic to plants, in water culture, while a mixture 
of salts is not. Breazeale and Le Clerc? show that wheat seed- 
lings grown in culture solutions containing 10 parts per million of 
potassium chloride or potassium sulphate, cause the solution to 
become acid. ‘The acidity affects injuriously the development 
of succeeding plants grown in the solution, and a similar effect is 


! Soil Conditions and Plant Growth, p. 43. 
* Bulletin No. 149, Bureau of Chemistry. 
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shown by solutions of sulphuric acid or hydrochloric acid. 
Sodium hydroxide, lime, ferric hydrate or carbon black, remove 
the acidity and render the solution less injurious. 

Organic compounds which are toxic in water solution may 
have little or no effect in pot experiments and may disappear 
rapidly from the soil.* 

There is thus not sufficient experimental evidence to support 
the theory that low yields are ordinarily due to toxic substances 
in the soil, rather than to deficiency of plant food. The injurious 
effects observed in the water culture experiments may be due to 
acidity. It is, of course, possible that some soils may contain 
organic toxic substances other than acids and that in some cases 
unproductive soils are due to the presence of these bodies. 


Assimilation of Organic Compounds by Plants.—Experiments 
have been made to ascertain whether organic compounds may be 
assimilated by plants. The organic compounds most important 
are those which may enter in the soil in animal excrements or 
plant or animal residues, or may be formed in the decay of these. 
Uric acid and urea are found in.urine, hippuric acid occurs in 
the urine of cows, sheep, etc., leucin, tyrosin and asparagin are 
found in plants or formed in their decay. Other organic bodies 
formed in the decay of plants or animals are probably of little 
importance. 

The question as to the assimilation of these substances as such 
is complicated by the fact that they are for the most part easily 
transformed into ammonium salts, which may be assimilated. 

Baeyer found oats to grow well in a solution of urea, and the 
plants contained considerable amounts of urea. But ammonia 
had formed in the solution. Hampe? grew corn with urea and 
found the leaves to contain 0.25 to 0.81 per cent. urea. ‘The 
solution was changed every day to avoid error by decomposition. 
and, though the corn possibly assimilated some ammonia, the 
evidence is that it utilized urea also. A. Thomson? compared 
sodium urate, sodium hippurate, urea, and sodium nitrate on oats 

1 Fraps, Texas Bulletin 174. 
2 Landw. Versuchs.stat., 1867, p. 79. 


’ Exp. Station Record 13, p. 919. 
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and barley in water cultures, and found that uric acid and urea 
have the same value as nitric acid, but hippuric acid has not. 
This investigator did not correct for decomposition of the com- 
pounds. Other experiments? could be quoted tending to prove 
that leucin, tyrosin, asparagin, and hippuric acid can serve 
directly as sources of nitrogen for cultivated plants. Hippuric 
acid is decomposed into glycocoll and benzoic acid, the glycocoll 
taken up and the benzoic acid left behind. It is also claimed 
that humic acid* can be absorbed. 

Humus.—The term hwmus is applied by some chemists (prin- 
cipally in European countries) to the entire quantity of organic 
matter in the soil, in whatever form it may be present. In 
America, it usually refers to the organic matter dissolved by 
ammonia after the lime has been removed by acids. ‘This 
ammonia-soluble organic matter is supposed to be more valuable 
than that not soluble in ammonia, though satisfactory evidence 
that such is the case has not been presented. — 

Ammonia-Soluble Organic Matter.—In the preparation of the 
ammonia-soluble organic matter, the lime is first extracted with 
acid and the soil washed free from acid. ‘The soil is then treated 
with ammonia, but a quantity of clay is also suspended in the 
liquid. ‘The clay is precipitated by addition of ammonium sul- 
phate, ammonium carbonate, or other salts, and the ammonia 
neutralized. ‘The precipitate is collected and washed thoroughly. 
The precipitated substance is a black, amorphous body, slightly 
soluble in water. It has acid properties. It decomposes calcium 
carbonate, liberating carbon dioxide. A portion of it is soluble 
in alcohol. It is soluble in ammonia, and when the excess of 
ammonia is evaporated, retains 4 to 6 per cent. nitrogen in the 
form of an ammonium salt. It is precipitated by salts of lime, 
barium, copper, zinc, lead, etc., forming salts of these metals. 
Its combining weight varies from 228 to 327. The magnesium 
salt is soluble in water, and also the sodium, potassium and ammo- 
nium salts. When dissolved in ammonia, a portion of the humate 
diffuses through parchment paper. 


! Hutchinson and Miller, Jour. Agr. Sci., 1912, p. 283. 
2 Brial, Exp. Sta. Record 6, p. 484. 
* Fraps and Hamner, Texas Bulletin 129. 
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Analysis of the substance prepared from several soils by pre- 
cipitation with acid from ammonia solution, gives the following 
results :1 


Per cent. 
Carbon (@isaaliyaeabout 55 pen cent.)..........208 44.09-63.58 
Jab ebROPRAN,. Soo on oo ug aco DOB bb 6 OOo o.- 3.27— 5.45 
INE ROLEKS A) ho oonos 1600 00D nOOO G08 DOO tera c 3.36- 6.22 
JOBS eis Ab 66.09 0060.8 CONG COBO EEOC 1.57-15.74 


The substance is probably a mixture and not a single definite 
compound. 


According to Hilgard and Jaffa,? the humus of humid soils 
(extracted with caustic potash) contains about 5 to 5.5 per cent. 
of nitrogen, while that of arid soils may contain as much as 18.5 
per cent. nitrogen. Hilgard believes that the nitrogen content of 
humus should not fall below 4 per cent., if the soil is to be 
productive. 


Attempts have been made to separate definite chemical com- 
pounds from humus, the success of which is doubtful. Detmer’® 
extracted humus from the soil with ammonia, and after repeated 
purifications obtained a compound said to be of the formula, 
C,,H,,0,. It was a black acid substance which reddens litmus, 
expels carbonic acid from carbonates, and forms salts with lime, 
silver, iron, ammonia, potassium, etc. ‘These salts are all insol- 
uble with the exception of salts of the alkalies. Other acids in 
addition to this one are claimed to have been separated from the 
soil. ‘There is doubt, however, whether the bodies in question 
are really definite chemical compounds or more or less impure 
mixtures. 


There is no evidence that the ammonia-soluble humus of the 
soil consists entirely of acids, or that it is formed by decomposi- 
tion in the soil. Various bodies known to be non-acid are found 
in plants, such as proteids and lignin, and are soluble in ammo- 


1 Fraps and Hamner, Texas Station Bulletin 129. 
? Rep. Cal. Exp. Sta., 189, p. 2-4. 
3 Jahresber, f. Agr. Chem., 1870-2, p. 68. 
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nia.t_ No doubt they also occur in the soil. In attempts to deter- 
mine the formation of humus in the soil, these ammonia-soluble 
materials introduced with the ingredients have been neglected. 
In experiments? in which the ammonia-soluble organic matter 
originally in the soil and that added to it, were estimated before 
and after decomposition for several months, there was a loss, 
and not a gain, of ammonia-soluble material. ‘The following is 
an example: 


Percentage of humus in original soil.................-. 1.36 
Dry -soll with) inca... ¢.s ... ener elec meena 2.29 
Soilwath meat anoisteraueta weeks... ..\... vissstecwmmyeciers 1.68 


Estimation of Ammonia-Soluble Humus.—In the estimation of 
ammonia-soluble humus, the soil is first extracted with I per 
cent. hydrochloric acid, to remove lime and decompose the com- 
pounds of humic acid. It is then washed free from acid, and 
treated with 4 per cent. ammonia for some time. After remain- 
ing in contact for several days, the solution is allowed to settle, 
and an aliquot part evaporated to dryness, dried and weighed, 
ignited and weighed again. ‘The loss in weight is ammonia- 
soluble humus. 

This method is highly inaccurate on account of the presence of 
clay. Clay will remain in suspension in ammonia-water for 
months, and, as it contains chemically combined water, will lose 
weight on ignition, after drying. It is also present in the humic 
acid precipitated with the solution, unless previously removed. 
The clay may be largely removed by shaking the mixture and 
pouring as much of the soil possible on the filter,* or more com- 
pletely by precipitation with ammonium carbonate.* The ammo- 
nium carbonate is volatilized along with the ammonia when the 
solution is subsequently evaporated to dryness. 


Humus of Peat and Swamps.—As we have already stated, acid 
bodies are formed in peat and muck soils, which must be neu- 
tralized by lime before the soil can be cultivated profitably. It 


1 Hoffmeister, Landw. Versuchs-stat., 1898, p. 347. 
2 Fraps and Hamner, Texas Bulletin 129. 

’ Smith, Jour. Eng. and Ind. Chem., 1913, 35. 

* Rather, Bulletin 139, Texas Station. 
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is also possible that the lime, by combining with the peat resin, 
causes the peat and muck to oxidize more rapidly. 


Certain investigators claim to have separated ulmic acid, crenic 
acid, and other acids from peat. 


Importance of Humus.—The functions of the organic matter 
in the soil may be summed up briefly as follows: 


1. It contains the store of nitrogen of the soil. 

2. It furnishes nutriment for bacteria and other forms of life, 
which aid in changing plant food so that the plant can take it up. 

3. It produces carbon dioxide and other acids in its decay, 
which increase the solvent action of the soil water on plant food. 

4. It increases the retentiveness of sandy soils for water, and 
binds the fine particles of clay into compound particles, so that 
the clay has better tilth. 

5. Like lime, an abundance of humus renders a soil productive 
even though only small quantities of plant food are present. 


Classification of Soils with Respect to Humus.—Knopp! makes 
the following divisions, using the term humus to mean the entire 
quantity of organic matter present: 


Percent, 
Pe NCIMPUE VE MTUMITUIS Sele trey seis tever caleie slag ohare 6 Sb ose Seles 0.0 to 2.5 
[Dew ied oo) Colts ai ete ea eee a 2.5 toa5.0 
paler OF a aan tn Sree he 5.0 to 10.0 
IRWA tN te hace of CO GUSCOR ACPO Ont ieee eae 10.0 to 15.0 
IODA Gaes a Be Re Se oad ka Ren Bey 15.0 and over 


The humus in the soil decreases from the surface. ‘The follow- 
ing analyses by Kosticheff of the black soil of Russia illustrates 
this: 


‘Depth Percentage 

inches of humus 
TEE COMM ESM Saas ery sc hE OR tect Paice. «0, 9)s a 5.0 eee. kts 5.4 

GS RES Reet ete ac LEAN G) 6.5.5 0: n/a 00 8\Gha MERE oes oats c 4.8 
TEI) ies SaEo Sa ay Oat Te See see oot he 3.6 
DS MCOM one Mtr cH aerate fs. « viaiatatala iN SropAA RMN ol cra te ses 2.6 
AMOI try PAN ee eat b's «'a"'s os 9;e eee MANORS AY ctac «a 2.6 
af) TR ELON RAN ep Oe THT aE A 1.9 
SESE NM ere ctecsiet vis, wld «ss \cle 4.0 sleep ree ein die acct 13 


1 Quoted by Wollny, Zersetzung d Organischen Stoffe, p. 192. 
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Ammonia-soluble Phosphoric Acid.— lhe ammonia-soluble phos- 
phoric acid of the soil is assumed by some chemists to be in com- 
bination with the organic matter which accompanies it, and to be 
of considerable value. It comes in part, however, from inorganic 
phosphates which occur in the soil and are decomposed by am- 
monia, allowing a portion of their phosphoric acid to go into solu- 
tion.t The humic acids precipitated with acids contain a small 
portion of the ammonia-soluble phosphoric acid, and this is prob- 
ably in organic combination. ‘The quantity of phosphoric acid 
held in this way is small, even in soils richly supplied with humus. 
It cannot be taken up until released by oxidation of the humus, 
and can only be regarded as a reserve store of phosphoric acid, 
not nearly so important as the nitrogen held in the humus in much 
larger proportion. 


Ammonia-soluble Inorganic Colloids.—Ammonia dissolves inor- 
ganic colloids from the soil, which may be precipitated by am- 
monium carbonate, after the clay has been removed by filtration, 
by pouring all the soil possible on the filter. The quantity? found 
in certain Texas soils varied from o to 0.6 per cent., and it con- 
sists of hydrated silica, hydrated oxides of iron, and hydrated 
silicates of alumina with other bases. 


1 Fraps, Am. Chem. Jour., 1898, p. 574; Bulletin 135, Texas Exp. Sta. 
» Fraps, Bulletin 165, Texas Station. 
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CHEMICAL COMPOSITION OF THE SOIL. 


Chemical analysis shows that the greater bulk of the soil is 
composed of compounds of silica, oxides of iron, and oxides of 
alumina, in various compounds. ‘These substances have no value 
as plant food, except iron, and only very small amounts of it is 
essential. ‘They serve a useful purpose, however, in holding 
moisture, modifying the supply of plant food, supporting the 
plant, and, giving it a medium in which to develop its roots. 

The important plant foods—nitrogen, phosphoric acid, and 
potash—make up only a small percentage of the soil. The quan- 
tity of plant food may be large in pounds per acre, sufficient for 
several hundred crops, if it were all available for use of the plant. 
But the proportion of plant food to the total quantity of soil is 
small. Further, the amount which can be taken up by plants 
may be only a small proportion of the total amount present; so 
that although several hundred pounds of phosphoric acid, for in- 
stance, may be present in the soil, the addition of a few pounds 
of highly available phosphoric acid may produce a large increase 
in the crop. 


Methods of Examination.—Four chief. methods of examining 
soils have been used. In addition, special methods are used for 
special analyses. 

(1) Complete decomposition of the silicates. This method 
gives the total quantity of the constituents of the soil. 

(2) Partial decomposition with strong acid. This method at- 
tempts to determine the quantity of plant food which may be- 
come available to the plant im a series of years. It distinguishes 
between the most resistant silicates, and those decomposed by 
acids. | 

(3) Weak Solvents. This method attempts to determine the 
immediate needs of the soil for plant food. 


(4) Water-Soluble Constituents. This method considers the 
material extracted from the soil by water. 
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Complete Decomposition.—The complete analysis of the soil 
is made in two ways: 

First Method.—The soil is fused with a mixture of sodium 
carbonate and potassium carbonate. ‘The silica’ unites with the 
soda or potash, forming silicates; oxides or carbonates are 
formed from the bases. On treatment with water and acid$, the 
carbonates and oxides dissolve. ‘The silica can easily be sepa- 
rated and the bases determined in the solution. If potash or soda 
is to be estimated, they must be brought into solution by some 
other method, such as that named below, or by fusing the silicate 
with lime. 

Second Method.—The soil is treated with hydrofluoric acid, 
until the silicate is completely decomposed and the silica driven 
off as gaseous silicon fluoride SiF,. The residue is then dis- 
solved in acids, and subjected to analysis. The estimation of the 
silica, if desired, is accomplished by the first method. 

Complete decomposition of a soil shows the constituents which 
are locked up in the most refractory silicates, as well as those 
which are easily affected by plants. So far as the writer has been 
able to find, there have been no investigations made as to. the 
relation of the complete analysis of the soil to its wearing qual- 
ities, or needs for plant food. The utmost information such 
analysis provides at present, is the amount of plant food which 
may some day become available. 

The complete analysis of some groups of soils is shown in the 
following table, compiled from Bulletin No. 54 of the Bureau of 
Soils: 


COMPLETE COMPOSITION OF SOME SOIL GROUPS PER CENT. 


Pere P20; cao MgO Ks0 
Coastal plains ......0..... Te ee 0.07 0.16 0.16 Leyi7 
Residual ..........-----.- 2 Optom yO: 07 0.76 2.08 
Glacial ..-. +--+... --++ +e. 10 0.22 1.35 0.80 2.09 
Limestone and shale...... 5 0.27 = 0.86 2.80 


Relation to Sizes of Particles——Chemical analysis of the differ- 
ent grades of particles have not always given the same result, but 
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as a rule, the percentages of alumina, potash, and lime increases 
as the size of the particles decrease. For example, Failyer’ de- 
termined phosphoric acid, lime, magnesia, and potash in separate 
grades of particles from a number of soils of the United States 
by the method of complete decomposition. In the following 
table is given the average percentage of three ingredients of the 
sand, silt, and clay of four groups of soils: 


Phosphoric acid Lime Potash 


Sand} Silt | Clay | Sand} Silt | Clay | Sand} Silt | Clay 


7 Coastal plains soils ...-..-- 0.03] 0.10] 0.34 | 0.07] 0.19|0.55 | 0.37] 1.33] 1.76 
3, Residual soils «..........; 0.07]0.21 | 0.67 | 0.50] 0.82| 0.94 | 1.60] 2.37 | 2.86 
10 Glacial soils -.-...-.....-- 0.15|0.23|0.86 | 1.24] 1.30] 2.68 | 1.72] 2.35 | 3.08 


5 Limestone and shale soils.| 0.04| 0.07] 0.16] 1.80| 1.88] 2.85 | 0.18] 1.02|0.84 


It is seen that the finer particles of the soil are, on an average, 
richer in phosphoric acid, lime, and potash than are the coarser 
particles. The percentage of each of the constituents named in- 
creases with the fineness of the particles, the only exception in 
the table being the potash in the clay of the limestone and shale 
soils. The relative abundance of the various grades of particles 
would determine the quantity which each contributes to the soil. 
The coastal plains soils have been so weathered and leached, that 
they are lower in phosphoric acid, lime, and potash than the less 
extensively weathered residual soils, and these in turn are lower 
than the glacial soils, which consist largely of crushed rocks, many 
of which have not been weathered to a great extent. 


Analysis by Extraction with Strong Acids.—This is the method 
usually employed in the analysis of the soil. It consists in treat- 
ing the soil with strong acid and estimating the constituents which 
go into solution. The extent of the solvent action depends upon 
the nature of the soil, the kind of acid, strength of acid, tempera- 
ture, time of contact, and ratio of soil and acid. The methods 
used by different chemists vary. In the methods of the Associa- 
tion of Official Agricultural Chemists of North America Io grams 


1 Bulletin 54, Bureau of Soils. 
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soil are digested with 100 cc. hydrochloric acid of 1.115 specific 
gravity for 8 hours at the boiling temperature. Dr. E. W. Hil- 
gard digests the soil on the steam bath for five days, a method 
which appears to give nearly the same results as the official 
method, with the exception of potash, and oxides of iron and 
alumina. In the one comparison made by Dr. Loughridge,* 0.35 
per cent. potash was dissolved by the one method, and 0.63 per 
cent. by the other, or nearly twice as much. ‘This difference 
must be considered in comparing the analyses made by Hilgard’s 
method with the analyses made by the methods of the Associa- 
tion of Official Agricultural Chemists. 

The proportion of the constituents of the soil which are dis- 
solved by strong hydrochloric acid varies considerably with dif- 
ferent soils. For example, Veitch? determined in 16 Maryland 
soils the total quantity of each constituent and the quantity dis- 
solved by strong acid by the A. O. A. C. method. The results 
are presented in the following table, expressed in percentage of 
the total quantity of each ingredient present: 


PERCENTAGE OF TOTAL PHOSPHORIC ACID, Erc., DISSOLVED BY 
STRONG ACIDS. 


Average | Minimum | Maximum 
Phosphoric ACG! a isieve stots hwudveloqatahore tel tae toue nn oa arte 64 32 Ioo 
Jor le opoolb ea ucoD OMG OD co Cobo LoD d OmDede 17 5 33 
TAMe le aierctscouccorcibeteiecle Proce erence ake 35 IO 77 
Magnesia ROIGd ae Le Ot Sans coco 0 b,.4cge 56 Io Too 
y Mhbbsrtbol: pean Be ncinrEn Storia ca co Ac0 GACEDGaE 54 24 Ico 
(Op a(slavoyeshdoilannomauwoAnioe  SU5b cos. OopdoDonS 82 57 Ioo 


The average order in which the constituents of these soils were 
dissolved was as follows, beginning with the most soluble: oxide 
of iron, phosphoric acid, magnesia, alumina, lime, and potash. 
On an average, only 17 per cent. of the total potash of the soil 
was dissolved by the A. O. A. C. method. None of-the soils in 
question were highly calcareous, otherwise a much greater pro- 
portion of lime and magnesia would have been dissolved. 

1 Hilgard, The Soil, p. 341. 
* Maryland Bulletin No. 7o. 
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Relation of Composition to Fertility—The relation of the com- 
position to the fertility of the soil is studied by comparing the 
chemical analysis with the productiveness of known soils. 


Soils containing comparatively high quantities of plant food 
are generally very productive and durable, under favorable phy- 
sical conditions. ‘The following table shows the composition of 
some very productive soils.1 These soils are all well known 
for their fertility and wearing qualities. 


PERCENTAGE COMPOSITION OF FERTILE SOILS. 


alifornia De eC an : Texas ; 
eReorude ae a Rio Grande Rie 5 Saw 

Valley a Bottom 
Phosphoric acid......- 0.71 0.30 0.20 0.14 
NANOS et ebro <2 ei 0.67 am Le on 
Potaslicieeiicie cioter eos 0.67 I.10 Tak 0.72 
Lime Oc. cuth WO chon weeciomceorcnc BI Ui 1 NS 14.43 eps 
Magnesiar <. 222.020. . 5% 2.26 1.67 1.53 0.73 
Carbon dioxide........ 1.82 == 9.91 Rie 
Sulphur trioxide ...... 0.22 0.02 0.04 0.07 
/Niabtoovorkey operons aa oee 7.40 10.54 g.1I 5.22 
Oxide of iron -........ Rae 5.82 4.09 7.12 
Insoluble and _ soluble 

silica alleliaiin ela.e.cejelsim ee |e 72.43 alee Fil —- 61.59 

Loss of ignition ......-. 6.63 Fee -- 22.78 
WHOIS EUG ieie ene ever sutra ters = = nes a= 


The Arroyo Grande Valley soil is considered one of the richest 
soils in the world. The other soils mentioned in the table are all 
productive and durable. The analyses were made by Hilgard’s 
method. Soils containing about I per cent. lime, 0.15 per cent. 
phosphoric acid, and 1 per cent. potash, by Hilgard’s method, may 
be regarded as highly fertile. ‘The same standards apply to the 
Association method, excepting it is possible that 0.50 per cent. 
potash is sufficient for a fertile soil. This, however, remains to 
be demonstrated. 


When soils contain only small quantities of plant food, they 
will usually be found deficient in plant food for crops, or become 
so in a comparatively short time after being placed in cultivation. 
It appears probable that the plant food which can be taken up by 

1 Hilgard, The Soil, p. 343. 
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plants is, to a large extent, proportional to the total quantity, 
present, though this depends on the changes going on in the soil. 


A comparatively small amount of plant food in the soil is 
sufficient to make it productive, if present in an available form. 
If we assume the weight of.1 acre of soil to the depth of I 
foot to be 3% million pounds, then 0.01 per cent. corresponds to 
350 pounds per acre foot. A crop of 40 bushels of corn, including 
ears, stalk and leaves, requires about 25 pounds phosphoric acid, 
which would be about 0.0007 per cent., or seven parts per million. 
Consequently, as much as 0.01 per cent. phosphoric acid could 
supply 14 crops of corn of this size, if the plant could get it. But 
soils containing only this quantity of phosphoric acid usually 
respond to applications of phosphoric acid greatly. 

The analysis by strong acids does not differentiate between 
compounds which may have different values to crops. Hence 
two soils may have the same composition but react differently to 
fertilizers. ‘The chemical composition as determined in this way, 
is more closely related to the wearing qualities of the soil than 
to the immediate needs of the soil for plant food. 


Number of Crops the Plant Food Will Supply—This depends 
on the size and kind of crop, as well as on the composition of the 
soil. Assuming the entire removal of a crop of 40 bushels corn 
per acre, the following is the number of crops which could be 
supplied by the acid-soluble phosphoric acid and potash, and the 
total nitrogen in some Texas soil types,’ if they were in such 
forms that they could be used by the crops without any loss. 


Number of crops the plant food will supply 
Corn 

oad Nitrogen Potash 
Nemo GeillSccos coco osceacdsbo occ 28 29 100 
Orangeburg soils .--.--- +--+ ++---- 70 35 308 
Leith Aorliccaa code dé6acucosouoste 28 29 gI 
Susquehanna soils ------.---+++--- 42 41 183 
TSotiom Gol§ coeacacoccspeg succ occ 84 82 290 
Witriore) Goll) sadolooun coda come tcneno 6 154 56 325 


1 Bulletin 126, Texas Station; see also No. 99. 
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Interpretation of Partial Soil Analyses——The chemical analysis 
of a soil must be considered in connection with a knowledge of 
its location, depth, drainage conditions, permeability to water 
and air, and, if possible, the amount of crops it produces. With- 
out consideration of the other factors which influence the fer- 
tility of a soil, the chemical analysis may not lead to satisfactory 
conclusions. We must also remember that the same general 
type of soil varies somewhat in composition, physical properties, 
and productiveness within a given area, and also that different 
methods of farming may cause considerable differences in soils 
originally the same. 


The interpretation of a chemical analysis unaccompanied by 
knowledge of the other soil conditions which affect its fertility, 
may be unsatisfactory in a large proportion of cases. A careful 
interpretation of results with the aid of the knowledge referred . 
to may sometimes be disappointing, but it is more often correct. 
Analyses of miscellaneous samples of soils is also of less value 
than systematic studies of definite areas. Analyses of virgin 
soils, or soils which have not been long under cultivation, or tiot 
treated with fertilizers, are more likely to yield satisfactory in- 
terpretations than analyses of soils whose properties have been 
modified by long continued cultivation, or by applications of fer- 
tilizers. It cannot be expected a satisfactory interpretation can | 
always be made of the chemical analysis of every soil; there will 
be exceptions which will be difficult to understand until the scope 
of our information has been much widened. 


Chemical analysis of a soil with strong acids, together with 
other information concerning the soil, should aid us in applying 
the results secured by field experiments in one locality on a given 
type of soil, to other localities and to other types of soil. It is 
well known that the results of field experiments with fertilizers 
are applicable only to the same typés of soils under similar con- 
ditions and with similar chemical composition, and may, or may 
not, be applicable to other types of soils. Chemical analysis, and 
the other information referred to, should aid us in applying 
knowledge secured by field experiments and by experience, to the 
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same type of soils located in different sections, and even to differ- 
ent types of soil from those under experiment. 

The analysis of a soil with strong hydrochloric acid does not 
show exactly what fertilizer to apply to it, but it does give indica- 
tions (a) as to the wearing qualities of the soil, (b) what ele- 
ments are likely to become deficient first under a given system of 
cropping, (¢) what deficiencies already exist in the soil, or will 
soon be brought out. 

Virgin soils containing high percentages of plant food are 
highly productive unless improper physical conditions interfere 
with the welfare of the plant. Low percentages of plant food do 
not necessarily indicate low production when first put in cultiva- 
tion. ‘lo use Hilgard’s illustration, suppose a heavy alluvial soil 
of high plant food content is diluted with its own weight of sand. 
By improving the physical condition of the soil an increased crop 
will very likely result, though the percentage of plant food has 
been reduced by half. The root system of the plant in the diluted 
soil will probably be better developed and in more intimate con- 
tact with the soil particles, than in the undiluted soil. We may 
continue the dilution, using say four parts of sand to one of soil, 
six parts of sand to one of soil, and so on. At some point, the 
size of the crop will begin to decrease on account of the difficulty 
of securing plant food. How far the dilution may be carried de- 
pends upon the plant and on the soil, and is a subject worthy 
further study. 

Standards for Interpretation—Varying methods of analysis 
for soils, and varying standards of interpretation are used ac- 
cording to the method of analysis and the individual opinions of 
the analysts to to what constitutes a good soil. The standards of 
Hilgard' are based upon a large number of analyses and wide 
observation, and appear well adapted to American conditions. 
These standards give best results when applied to virgin soils. 

Phosphoric Acid.—Hilgard states that phosphoric acid is ser- 
iously deficient in virgin soils when below 0.05 per cent. unless 
accompanied by a large amount of lime. In heavier virgin soils, 
0.1 per cent. phosphoric acid, when accompanied by a fair amount 

1 Tenth Census of the U.S. 
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of lime, secures fair productiveness from eight to fifteen years; 
with a deficiency of lime, twice the percentage will only serve for 
a similar time. Soils containing between o.1 and 0.05 per cent. 
of phosphoric acid are considered as likely to respond to fertiliza- 
tion with phosphates in a short time. A large supply of organic 
matter appears, like a large supply of lime, to offset a deficiency 
in phosphoric acid. Large quantities of hydrated ferric oxides 
may render even large quantities of phosphoric acid inert and un- 
available to plants. 


Lime.—Lime is exceedingly important to the soil. Low per- 
centages of potash, phosphoric acid, and potash are adequate 
when a large proportion of lime carbonate is present. Many of 
our richest soils are calcareous soils, such as the blue-grass soils 
of Kentucky, the black prairie soils of Mississippi and ‘Texas, 
the calcareous prairie soils of Illinois, Indiana, and Iowa. ‘These 
soils are productive and durable. 


Heavy clay soils with less than 0.5 per cent. of lime do not, 
according to Hilgard’s observation, carry the plants characteristic 
of calcareous soils. The lightest sandy soil should not contain 
less than 0.10 per cent. of lime; clay loams should contain 0.25 
per cent. There is no advantage in more than 2.00 per cent. It 
appears that an excess of potash may offset deficiency of lime. 

The following examples! show the effect of lime in overcoming 
a deficiency in phosphoric acid: 


A B | € D 
| 
Phosphoric acid per cent.......-... 0.068 0.033 0.030 0.038 
LATS Go so DocRoG Reg ne coro Me Brene 1.254 Deo 7i 0.129 0.034 . 
THOLEE) Clee Onc Moete ce ee PG HiCtotean 0.366 0.699 | 0.259 0.218 


Soils A and B were highly productive, falling off suddenly at 
the end of 15 or 20 years. Soils C and D scarcely produced 500 
pounds seed cotton per acre when fresh, and then only for three 
or four years. The difference appears to be due to an abundance 
of lime in the first two, a deficiency in the second two. 


! Tenth U. S. Census. 
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K F G 
Phosphoric acid per Cent. ...-s+1++20. s+. O.41I 0, 188 0.042 
NOMATTES sac dos 5 «os oo) 4G /o re) otp ote tt 5: 5 0 0.197 0.047 0,286 
140} to IIRC CL cig Ornan cn ooo coc oe 0.422 oO. 178 0.334 


Soil I} with a very high percentage of phosphoric acid and only 
a moderate supply of lime, is very productive. Soils F and G 
the one with fair lime and low phosphoric acid, the other with 
the proportions reversed, are both about equally productive. 


Potash.—According to Hilgard, sandy soils of great depth may 
contain less than 0.10 per cent. potash without being deficient 
therein; sandy loams contain 0.3 to 0.1 per cent.; loams 0.45 to 
0.3 per cent., heavy clays and clay loams 0.80 to 0.45 per cent. 
As a rule, soils containing less than 0.25 per cent. potash are 
likely to require fertilization with potash salts early, while as 
much as 0.45 per cent. seems to be sufficient for the same soils. 
Sometimes, however, a soil rich only in lime and phosphoric acid 
shows good productiveness despite a low potash percentage; and 
conversely a high percentage of potash may offset a low per- 
centage of lime. | 

The availability of the potash depends upon the general char- 
acter of the soil. With a good supply of available lime and 
magnesia, the potash of the soil is usually in an available form. 


The above standards are for potash estimated according to 
Hilgard’s method. ‘The Association method dissolves less potash 
and calls for lower standards. Exactly what these standards 
should be, remains to be determined. 


Nitrogen.—Nitrogen is present in the soil in organic com- 
pounds which cannot be taken up by plants, and which change 
slowly into compounds which can be assimilated. This change 
depends largely upon physical conditions, though the composition 
and nature of the soil also have an influence. ‘The rapidity of 
the production of active plant food is more important than the 
quantity of nitrogen. It is thus evident that it is difficult to fix 
a standard for nitrogen. It has generally been assumed that 0.10 
per cent. is adequate. With less than 0.07 per cent. the soil is. 
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usually deficient. Lime, as with other plant foods, also has an 
influence. 

Examples of Interpretations of Soil Analyses—The foHowing 
examples are taken from Hilgard.1 See accompanying table. 

Soils No. 1 and No. 2 are highly productive, and No. 3 is a 
very good soil. ‘There’is a great difference in the chemical com- 
position. No. 1, however, is a:‘heavy clay soil, while Nos. 2 and 
3 are sands, and hence need to contain less plant food. Plant 
roots can also exercise their functions to the depth of 3 or 
4 feet in them, while in soil No. 1, the roots rarely reach below 
I2 or 15 inches. Soils Nos. 4 and 5, almost worthless, are defi- 
cient in phosphoric acid, and No. 4 is also deficient in lime. In 
addition, these soils are underlaid by an almost pure sand at the 
depth of 12 inches. ‘These facts are sufficient explanation of 
their character. 


2 


~ 


PERCENTAGE COMPOSITION OF SOILS. 


No. 1 No. 2 No. 3 No. 4 No. 5 
at Very sandy | Sandy soil | Gray sand | Gray sand, 
SCM Rt highly medium pro-| almost almost 
proddetve: productive |ductiveness | worthless | worthless 
Phosphoric acid... 0.30 0.08 0.10 0.02 0.03 
TWAlmes «+... rivie nies 1.35 0.12 0.10 0,02 0.13 
IPGLASHestaeinaho 2 isin 1.10 0.15 0,05 0.06 0.25 
No. 6 No. 7 No. 8 No. 9 No. to 
Stiff red | Stiff black | stiff soil, | stiff black | StH 
soil, fairly |prairie, very| practically |prairie, very ce Pepa 
productive | productive | worthless | productive aye 
quality 
Phosphoric acid. - 0.19 0,03 0.06 0.10 0.05 
BMY lsytlp!s elelells ate, o.6 0.54 1.37 0.42 7G 0.18 
Potash:.... eae ee 0.43 0.70 0.53 0.38 0.75 


Soils Nos. 6 to 10 exhibit the effect of lime on the character of 
the soil; soils 7 and g being rich in lime, the others being poor 
in this ingredient. Soils 7 and g are very productive. Soil 7 
shows the effect of a large amount ‘of lime in overcoming a 
deficiency in phosphoric acid, soils 6, 8 and 10, with more phos- 


1 Tenth U. S. Census. 
12 r 
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phoric acid, being much poorer soils. Soil 6 is fairly productive 
in good seasons, soil 8 is considered practically worthless, and 
soil ro is of inferior quality. 


Iron and Alumina.—The percentage of alumina is an imperfect 
indication of the amount of clay in the soil. Enough silica 
seldom dissolves to satisfy the requirement for combining with 
alumina to form kaolinite. The percentage of alumina extracted 
is always larger. In numerous cases so little silica is present 
as to raise a question as to the form of alumina in the soil, the 
hydrate (Gibbsite) being almost the only possible one, aside 
from zeolitic minerals. 

From 1.5 to 4 per cent. are ordinary percentages of ferric 
oxide, occurring even in soils but little tinted. Ordinary fer- 
ruginous loams vary from 3.5 to 7 per cent.; highly colored red 
lands have 7 to 12 per cent. ferric oxide and occasionally 20 per 
cent. or more. Since highly ferruginous soils rarely have a high 
per cent. of organic matter, it appears that the iron acts as a 
carrier of oxygen, and this probably favors oxidation. 


Relative Composition of Soils of Arid and Humid Regions.— 
Hilgard! has compiled a great number of analyses of soils of 
arid and humid regions, made with strong acid, with the result 
that the soils of the arid region are found to be, on an average, 
richer in plant food and in lime, than soils of the humid region. 
Arid soils are prevailingly calcareous, while humid soils are 


PERCENTAGE COMPOSITION OF SOILS OF ARID AND HUMID REGIONS. 


average of average of 


Humid | Arid 
| 
| 696 analyses | 573 analyses 


Phosphoric) acids." = ase nce teirevpe eters = = > 0.12 0.16 
0 Oye Kal d REE ee CRAIGRCHSL O Ai CI GIS Gictc.o Sidi. o G0.0 Oh ROR RmCRe 0.21 | 0.67 
| bahia Yee ono Se eee. Stic Seon Se 00Gs so 6dDode 0.13 | 1.43 
IW IH SSS EERE IDIE Ae SORaI a Clr Sil crac co 7a SSS oe 0.29 | 1.27 
Sulphur ETTORE Me ce 2 hel cee ahoes Caete eee ene renee eee tet. 2.0 0.05 | 0.06 
J Ni Kogeqnb ale! OC OCI EO POREERC ™ OlaiG GEA OE a.cl S. c-b Gh DO neRGeRD 3.66 722m 
(Os salle shdo HOM SORA ae conc. oo | SORee 2.88 5.48 
Insoluble and soluble silica..---...--. ..+.....- 88.21 75.97 
POSS, ON) HT TELIA pie oint-win) che 9 =) y=.) ina eee =} = * = 4.40 5.15 


1 Bulletin No. 3, U. S. Weather Bureau. 
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siliceous. ‘This may be in large part due to the fact that the 
continued leaching of the soils in humid regions washes out the 
plant food. It may also be partly due to the difference in origin, 
as many of the humid soils are coastal deposits worn by the 
water, while many soils in the arid region are comparatively new 
soils from igneous rocks. 


Soils and Subsoils—If we compare the composition of soils 
with the corresponding subsoil, we find, almost always, that the 
subsoil contains less nitrogen than the surface soil. It often con- 
tains more potash, more oxide of iron and alumina, and less 
insoluble material, than the surface soil. This difference is 
largely due to the percolating water carrying the finer particles 
of the soil (clay) into the subsoil. There is, however, a good 
deal of difference in soils in this respect. 


Relation of Composition to Type.—Soils of different type differ 
to some extent in chemical composition, though such is not inva- 
riably the case. There is also some variation in individual mem- 
bers of the type. Differences in composition are usually accom- 
panied by differences in properties, productiveness or value of 
the soil. 


AVERAGE PERCENTAGE COMPOSITION OF SOME TYPICAL TEXAS Sorrs.! 


Phos- : 

ee eu Potash | Lime ee 
Norfolk fine sandy loam (5 samples) --..-- | 0.02 | 0.06 | 0.09 | 0.08 | 0.03 
Norfolk fine sand (5 samples).........-- 0.02 | 0.02 | 0.08 | 0.06 | 0.06 
Susquehanna fine sandy loam (3samples)-| 0.02 | 0.04 | 0.12 | 0.11 | 0.92 
Lufkin fine sandy loam (3 samples) ....-. 0.04 | 0.06 | 0.12 | 0.14 | 0.16 
Wutkin clay (2 samples) 3-........-....-. 0.08 | 0.09 | 0.62 | — _ 
Orangeburg fine sandy loam (6 samples)--| 0.08 | 0.07 | 0.63 | 0.20 | 0.35 
Orangeburg fine sand (3 samplés).... ---- 0.01 | 0.07 | 0.12 | 0.12 | 0.09 
Wabash clay (3 samples) .....-.--. ..--- 0.09 | 0.13 | 0.88 | — -- 
Houston clay (3°samples)-.--........... OOAR|MOST2))| 10.25) | 0.5 P)|| O)40 
Houston black clay (6 samples)......---. 0.04 | 0.11 | 0.40 | — _ 


Detailed analyses and discussion of the soils of the United 
States are to be found in Bulletin 57 of the Bureau of Soils, and 
in “Soil Fertility and Permanent Agriculture” by C. G. Hopkins. 


1 Bulletin 126, Texas Station. 


CHAPTER 


ACTIVE PLANT FOOD AND WATER-SOLUBLE CONSTITUENTS 
OF THE SOIL. 


The complete analysis of the soil, or its partial analysis by 
strong acids, does not show clearly the immediate needs of the 
soil for plant food. Various weak solvents have been used for 
this purpose, with some measure of success. 

Active plant food is a term used to designate the potash and 
phosphoric acid soluble in fifth-normal nitric acid. We are not 
yet able to ascribe different values to the organic nitrogen com- 
pounds of the soil. 

Dilute Citric Acid—Numerous attempts have been made to 
ascertain soil deficiencies by means of weak solvents, such as 
water, water containing carbon dioxide, weak solutions of citric, 
hydrochloric, nitric, or oxalic acids, etc. 

Dyer! found that the root acidity of 100 plants expressed as 
citric acid, varies from 0.34 per cent. with Solanacez to 3.4 per 
cent. with Rosacee, and averages 0.91 per cent. He based on 
this work a method of estimating the available plant food by 
extracting the soil with a 1 per cent. solution of citric acid. The 
method was applied to Rothamsted soils.* The following are 
some of the results: 

BROADBALK WHEAT PLOTS. 


Dissolved by 1 per cent. citric acid 


Average 
Treatment of 50 years Piet 
Phosphoric] Pounds Pounds = rad 
acid per acre oe per acre wheat 
Per cent. Per cent. bushels 
3, No manure. <...5-...... 0.0078 202 0.0032 83 1234 
7 Phosphoric acid, potash, 
nitrogen .......-..... 0.0543 1418 0.0232 602 3358 
2b 4 tons manure......... 0.0560 1307 0.0384 896 3834 


The amount of phosphoric acid and potash dissolved by 1 per 
1 Jour. Chem. Soc., 1894, 115. 
2 Bulletin 106, Office Exp. Sta., U. S. Dept. Agr. 
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cent. citric acid thus corresponds with the treatment of the plot 
and the yield of wheat. The phosphoric acid soluble in strong 
hydrochloric acid was from 0.114 to 0.219 per cent., potash from 
0.197 to 0.285; thus while there was some difference, it is not a 
clear indication as to the fertility of the soil. 

The application of the citric acid method to soils of varying 
character has not always given good results. This may be due to 
seyeral reasons: (1) The plant may have greater difficulty in 
obtaining citric acid soluble plant food in some soils than in 
others. In other words, it may be necessary that the standard 
vary according to the character of the soil, as Hilgard’s standards 
do. (2) The soil may not have been deficient in phosphoric acid 
or potash when it was supposed to be. (3) Different rates of 
change of potash and phosphoric acid into more soluble com- 
pounds in different soils may interfere. 

According to Dyer, less than 0.01 per cent. phosphoric acid or 
potash soluble in citric acid indicates a deficiency. 


Other Weak Solvents.i—These include N/5 nitric or hydro- 
chloric acid, N/200. hydrochloric acid,? and N/5 oxalic acid which 
have been suggested for the same purpose as I per cent. citric 
acid. Some of these solvents have the advantage of greater ease 
of manipulation than citric acid. The results vary according to 
the solvent employed. 

The most promising solvent is N/5 nitric acid. Fifth-normal 
nitric or hydrochloric acid gave the same results on cer- 
tain of the Rothamsted soils as citric acid, and upon some other 
soils tested by the Association of Official Agricultural Chemists 
the results were more nearly in accordance with the needs of the 
plant. 

Factors of Availability of Plant Food.*—The amount of any 
given plant food which is withdrawn from the soil by the plant 
does not depend upon one condition only, but is dependent upon 
a number of factors. ‘These factors may be grouped as follows: 

1 See Proceedings Association Official Agr. Chem., Bulletins 47, 49, 51, 
50, 67, 73, Division Chem., U. S. Dept. Agr. 


* Moore, Jour. Am. Chem. Soc., 1912, p. 791. 
3 Fraps, Am. Chem. Jour., 1904, p. I. 
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(1) The quantity of the element present at the beginning of 
the growing season in forms of combination which can be partly 
or completely absorbed by the plant. This may be called chem- 
ically available plant food. 

(2) The condition of the soil particles. Compounds chemi- 
cally available may be enclosed in the soil particles so as not to 
be exposed to the action of plant roots. Such compounds are 
physically unavailable. If the encrusting substance is removed, 
such bodies become chemically available. 

(3) The amount of the plant food transformed during the 
growing season into forms of combination which can be absorbed 
by plants. ‘This factor is certainly of importance with respect 
to nitrogen; its importance in the case of phosphoric acid and 
potash is apparently not so great but the matter requires study. 
This factor may be called weathering availability. 

(4) The nature of the plant. Plants differ in both their capac-~ 
ity for absorbing food and their need of it. Whatever the cause 
of these differences, there is no doubt but that they exist. We 
will call this factor physiological availability. 

The character of the soil, its chemical composition, the condi- 
tions which prevail during the growth of the plant, and perhaps 
other factors influence the amount of plant food taken up. 


Factors Influencing the Composition of the Soil Extract..—The 
amount of phosphoric acid extracted from the soil by a given 
solvent is the difference between that dissolved from the phos- 
phatic or potash mineral and that absorbed by the fixing particles 
of the soil. That is to say, the soil extract does not necessarily 
represent the solubility of the mineral exposed to the action of the 
solvent, but is the resultant of the solvent and fixative forces. 
Furthermore, the quantity of phosphoric acid exposed to the 
action of the solvent depends upon its condition in the soil and 
the solubility of protecting material in the solvent used. If the 
phosphate mineral is enclosed within quartz, it is quite effectually 
protected from any solvent. If it is contained within zeolites, it 
may be affected by some solvents and not by others. If it is 


! Texas Bulletins 126-145. 
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contained in carbonate of lime, the latter will be dissolved by 
any acid solvents, with consequent exposure of the included 
phosphate to the action of the solvent. 

The quantity of phosphoric acid or potash contained in the soil 
extract thus depends upon three factors: 

(1) The quantity of phosphate or potash mineral exposed to 
the solvent, and its solubility under the conditions of the extrac- 
tion. 

(2) The solubility of the soil materials which protect or enclose 
phosphates or potash compounds. 

(3) The power of the soil to fix phosphoric acid or potash 
under the conditions of the extraction. 

The strength of the solvent, its nature, the period of digestion, 
the temperature, and the proportion of soil to solvent, all affect 
the quantity of phosphoric acid and potash contained in the soil 
extract, but they have their effect through action on the three 
factors mentioned above. 


Solubility of the Soil Minerals.—This subject' is studied by 
bringing phosphate or potash minerals in contact with N/5 nitric 
acid, in the proportions in which these minerals may occur in the 
soil, and under the conditions of the soil extraction. 


Phosphoric Acid.—The phosphates of lime are completely 
soluble, the precipitated phosphates of iron and aluminium are 
completely soluble, and vivianite and triplite are nearly so, in N/s 
nitric acid. The aluminium phosphates (variscite and wavellite) 
and the basic ferric phosphates are comparatively slightly dis- 
solved. 

It is hardly probable that ferrous phosphate (vivianite) is of 
common occurrence in ordinary cultivated soils, though it may 
exist in some soils which are not well aerated. Fifth-normal 
nitric acid dissolves calcium phosphates completely, but dissolves 
mineral aluminium phosphates or basic ferric phosphates only to 
a slight extent. It thus distinguishes between these two classes 
of compounds in the soil. Apatite, phosphate rock, ferric phos- 
phate (precipitated), aluminium phosphate, vivianite, and triplite 


1 Texas Station Bulletins 126-145. 
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are practically equally soluble. We also feel justified in saying 
that acid phosphate would be completely dissolved. But no one 
can yet claim that these materials possess the same value to 
plants. Fifth-normal nitric acid may not distinguish between 
minerals which have unequal values to plants. We have no solv- 
ent which would dissolve phosphoric acid from the phosphates 
mentioned, in the same proportions as would be taken from them 
by plants. What we cannot do with known mineral phosphates 
of known character outside of the soil, we could not expect to 
do with the same phosphates after they are put into the soil, and 
with the unknown phosphates already within the soil. 

Soils may, therefore, contain equal quantities of phosphoric 
acid soluble in N/5 nitric acid, and yet give up unequal 
quantities of phosphoric acid to plants on account of differences 
in the phosphates present. ‘This consideration must give rise to 
caution in comparing the results of all kinds of soils with one 
another. 

Only those soils should be compared which probably contain 
the same kind of phosphates. Soils widely dissimilar in origin 
and character should not be compared, unless there is evidence 
that they contain similar phosphates. 

Study of potash dissolved from minerals in a similar way shows 
that very little is taken from the feldspars, microcline and ortho- 
clase, less than ro per cent. from glauconite and biotite, and 
from 16 to 60 per cent. from muscovite, nephelite, leucite, phil- 
lipsite, and apophyllite. Potash absorbed by chabazite and some 
other minerals is extracted to the extent of 70 per cent. The 
dissolved potash thus represents a large portion of some easily 
dissolved mineral, or a small portion of some difficultly attacked 
mineral. 


Fixation of the Dissolved Phosphoric Acid and Potash.—The soil 
has the power to withdraw potash and phosphoric acid from 
solution, both in water and in acids. The method of studying 
this factor consists in extracting two portions of the soil of 
known fixing power with the solvent, one part with the acid alone, 
and the other with a known quantity of phosphoric acid or potash. 
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The quantities should be such as might be dissolved from the 
soil. ‘The following is an example :* 


Phosphoric acid 
Parts per million 


Extracteumourmmiisoll alone. o......-.........0.eeenn 8.5 
INddledetomsoiuenimerrnt te ssscs cc. >. os J. aa en 194.0 

PUOIIMUMEBETIEN i aoc, .ts-.--.-- ss 202.5 
ACHIAIINMReGEIMGREC ateniiicckes ccs... eee eee ee 48.0 
7 Njoerevejorsc hk Jas Soul! eck) Ae 154.5 


With 17 soils, the fixation of the added phosphoric acid ranged 
from 5 to 94 per cent. of the quantity added. Thus the phos- 
phoric acid extracted by the N/5 nitric acid does not necessarily 
represent that which has gone into solution, but represents the 
difference between the action of the solution and the fixing power 
of the soil. With some soils, the fixing power is so high that it 
must be considered very seriously in interpreting the results of 
the analysis. Fixation also takes place from acids stronger than 
N/5. 

Fixation of potash takes place under the same conditions as the 
fixation of phosphoric acid, but to a much less extent, and the 
factor of fixation is much less important with potash. 

Soils containing easily-soluble phosphoric acid or potash com- 
pounds give decreasing amounts to successive extractions, but 
soils containing little or no compounds of high solubility give 
successive extracts of nearly constant composition. 


Solubility of Constituents of the Soil—The solubility of the 
constituents of the soil must be considered as a factor in the 
analysis of soils with weak solvents. If any quantity of the soil 
passes into solution, phosphates will thereby be exposed to the 
action of the solvent, which were protected from the action of 
soil moisture and roots, and which are really physically unavail- 
able. ‘This factor must be given careful consideration. For 
example, N/5 nitric acid dissolves 320 parts per million of lime 
(CaO) from one soil, while from another soil it dissolves 53,250 
parts, which corresponds to nearly 10 per cent. carbonate of 
lime. The amount of phosphoric acid and potash brought into 

' Texas Station Bulletin 126, p. 16. 
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action through the solution of the lime in the soil first named, 
may not be large, but in the case of the second soil, 10 per cent. 
of the soil enters into solution, and all the phosphoric acid and 
potash protected within this Io per cent. is exposed to the action 
of the solvent. This action is further emphasized, in the case of 
the soil just mentioned, by the fact that a second treatment with 
acid dissolves 43,400 parts per million of lime, and a third treat- 
ment dissolves 46,360 parts, making a total of about 14 per cent. 
of lime dissolved from the soil, corresponding to about 25 per 
cent. carbonate of lime. 

This soil, of course, represents an extreme instance, but it 
emphasizes the difference between a calcareous and a non- 
calcareous soil. Ina non-calcareous soil, the phosphoric acid and 
potash inclosed within the soil particles are protected from the 
solvent, while in a calcareous soil, that portion of the phosphates 
and potash minerals included in the calcareous matter dissolved 
by the acid is exposed, and may be dissolved. 

Since the plant food dissolved from a non-calcareous soil is 
present on the external surface of the soil grains, and accessible 
to the roots of the plants and the action of soil moisture, while 
that dissolved from calcareous soils is, without doubt, in part 
included within the soil grains, and not accessible to plant roots, 
it is obvious that calcareous soils may contain a larger quantity of 
seemingly active plant food than non-calcareous soils, and yet 
require fertilization on account of the phosphoric acid being pro- 
tected. 

Two calcareous soils may also contain the same amount of 
active plant food, and yet differ in the amount plants can take 
from them. In one the plant food may be on the extreme surface 
of the soil grains, in the other it may be disseminated through 
them. 

Calcareous soils are more durable than non-calcareous soils. 
This may be explained by the fact that the gradual weathering of 
such soils continually exposes fresh surfaces of plant food. 
~ Significance of the Dissolved Plant Food.'—In considering the 
significance of the dissolved plant food, it is necessary to regard 


1 Texas Station Bulletins 126 and 145. 
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the active phosphoric acid and potash, the “acid consumed,” and 
the fixing power of the soil. The fixing power is of importance 
chiefly in connection with soils which fix more than 8o per cent. 
phosphoric acid. With such soils, the extracted phosphoric acid 
may, or may not, represent the soluble phosphates. 

The “acid consumed” is a measure of the bases dissolved by 
the solvent, and is estimated by titrating 1o cc. of the solution 
after the extraction is complete. 


When to parts per million of phosphoric acid, or less, is ex- 
tracted, associated with a fixing power of less than 50 per cent., 
and with acid consumed less than go per cent., it indicates that 
practically none of the phosphoric acid of the soil is present as 
apatite, calcium phosphate, or similar compounds, but must be 
present as basic iron or aluminium phosphates or in organic com- 
bination. When to parts phosphoric acid, or less, are present and 
the soil has a high fixing power for phosphoric acid (75 per cent. 
or more), calcium phosphates may or may not be present. ‘That 
is to say, the method can not in this case distinguish between 
phosphoric acid which goes into solution from calcium phosphate 
and: is then removed by fixation, and that which comes from the 
basic phosphates of the soil. The origin of the soil will throw 
some light upon the matter. If the soil is geologically old, the 
phosphoric acid has probably all been converted into basic phos- 
phates. If the soil has been recently formed from rocks contain- 
ing apatite and other phosphatic minerals, it is possible that cal- 
cium phosphate may still be present and the same is true if the 
soil has been fertilized. In the majority of soils having a high 
fixing power and a low content of phosphoric acid, provided that 
they have not been fertilized, the phosphoric acid is probably 
present as basic iron and aluminium phosphates. 


A soil of high fixing power such as above mentioned would 
yield up the same quantity of phosphoric acid to the solvent, 
whether fertilized or not fertilized, unless a very heavy applica- 
tion of phosphoric acid has been made. One thousand pounds of 
16 per cent. acid phosphate would represent an application of 80 
parts per million of phosphoric acid, and this heavy application 
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would not increase very much the phosphoric acid removed from 
soils of very high fixing power. 

A soil containing 100 parts per million of phosphoric acid, with 
a low acid consumed, and with a fixing power of less than 50, 
probably contains a corresponding amount of calcium phosphate 
accessible to the roots of plants. 


CORN POSS/BILITY IN BUSHELS 


/ Bas 4 5-6 7-8 39-/0 1-19 30-42 
Group. BASED ON ACTIVE PHOSPHORIC ACID 
Fig. 39. Relation of the active phosphoric acid of the soil to the phosphoric 


acid withdrawn by crops in pot experiments, expressed 
as bushels corn per acre. 


A soil containing 100 parts per million of phosphoric acid, with 
an acid consumed of 20 per cent., may or may not expose much 
phosphoric acid to the roots of plants. It is impossible to say 
how much of it is protected by the calcareous material. 

It is impossible to distinguish phosphoric acid in its several 
different forms. For example, suppose plots were fertilized with 
equal quantities of phosphoric acid in Thomas phosphate, phos- 
phate rock, acid phosphate, and apatite. We could not expect’ to 
find a relation between the phosphoric acid dissolved from these 
plots and the crop production. All these materials would give up 
their phosphoric acid equally well to the solvent used, but differ- 
ently to plants. 
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A soil containing less than 50 parts per million of active potash 
probably contains all its potash in the form of highly insoluble 
silicates, such as the felspars. A soil containing over 50 parts per 
million of active potash contains some of more easily dissolved 
potash minerals or compounds. Since the solvent does not de- 


Fig. 40.—Corn grown with and without phosphoric acid on four soils con- 
taining 60 to Ioo parts per million of active phosphoric 
acid, Texas Station. 


compose such minerals fully, and some fixation also occurs, the 
quantity of potash extracted is less than the quantity present in 
easily soluble compounds. 


Relation of Active Phosphoric Acid to Growth in Pot Experi- 
ments.—At the Texas Experiment Station, studies were made of 
the relation between the active phosphoric acid present in the soil 
and the crop produced in pot experiments. The comparison was 
made between the crops grown with phosphoric acid, nitrogen, 
and potash, and those grown with nitrogen and potash only. 
The behavior of the corn crop was closely related to the quantity 
of active phosphoric acid in the soil. Soils containing 20 parts 
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per million, or less, of active phosphoric acid are clearly deficient 
in phosphoric acid. Soils containing 30 to 100 parts per million 


Fig. 41.—Corn grown with and without phosphoric acid on four soils con- 
taining less than 1o parts per million of active phosphoric 


were, as a rule, deficient. 


acid, Texas Station. 


Soils containing 100 to 200 parts per 


million were deficient in about one-half of the experiments. 


AVERAGE CORN POSSIBILITY AND AVAILABILITY OF PHOSPHORIC ACID. 


Active phosphoric acid 
(parts per million) 


Corn equivalent 
(bushels per acre) 


Average | Maximum 


TOO 


to 
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a5 9.0 
12.5. | 31.0 
20:8) iy 36:0 
19:7) | = Bree 
24 A odoin 
26.54) "159.0 
22:0 ° |) 36.0 
52.5 101.0 


60.7. QI. 
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The quantity of phosphoric acid withdrawn from the soil was 
also related to the quantity of active phosphoric acid. In the 
tablet on page 190 the average quantity of phosphoric acid with- 
drawn by the crop is expressed as bushels of corn per acre which 
could be produced with it to a depth of about 7 inches. 


The addition of carbonate of lime to the soil increased the 
quantity of phosphoric acid which the plant could take from it. 


Potash.2—A similar series of experiments carried out with 
potash lead to similar results. The percentage of deficient crops 
decreases with the quantity of active potash in the soil. The 
average percentage of potash in the crop increases with the per- 
centage of active potash in the soil. The actual quantity of potash 


PER CENT IN PLANT 


700 200 300 400 500 600 700 
PoTASH IN Soi/t IN PARTS PER MILLION 


Fig. 42.—-Relation of the potash content of the crop to the 
active potash of the soil. 


removed by the crop increases with the active potash of the soil. 
After cropping, the soil, on analysis, was found to contain less 
active potash than it did before cropping, showing the disap- 
pearance of active potash due to the crop. 


1 Texas Station Bulletin 126, p. 69. 


2 


* Texas Station Bulletin 178. 


* Texas Station Bulletin 145. 
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RELATION OF ACTIVE POTASH TO PoT EXPERIMENTS. 


Percentage of crops weinheae Average 
Active potash in soil crops without | percentage 
(parts per million) potash divided) of potash in 
Deficient Injured by crop with COR ICEOY 
in potash by potash potash 
OUtOw|5Os eee eer 86.7 6.7 67 1.38 
50 to I0O.- -.-.--...--. 55-1 16.7 79 1.70 
MOO) KO MS{oocDoD0 eo Soe 54-3 16.1 84 2.29 
150 tO 200...-.....-... 39.1 | 1G /e?- gI 2.55 
200 tO 300----. +--+ ee. 37.5 3123 100 3.65 
Eloy tWeyy Kolo saco cana boas 42.6 25.5 98 3.53 
AOO) LOLOGO aeteerny tacts 15.0 45.6 IOI 3.83 
(sxoVOye 140} (OOo onan dudoor 18.0 43.8 116 Avail 


The actual amount of potash removed, on an average, from the 
different soils, is given in the following table. In order to make 
the table more concrete, the amount of potash is also expressed 
in bushels of corn per acre which could be produced by this 
quantity, both stalk and grain included: 


Active potash removed Cornlin 
Active potash in soil Kbarts ‘per million) bushels 
(parts per million) | equivalent to 
javerage potash 

Average Maximum | removed 
QV EO) FO ale oie oo wiceyeieie ei vie esse) ele) elster= 29.7 53.4 58.6 
5O@ tO TOO... --- eee eee ee ee ee ween 37.2 143.2 74.4 
LOO EO T5O0s - 0 see ces wo ee eee ole 3 51.0 176.2 102.0 
iS {oIM ee ral c\otmarury cree ten HIS chess SSA. cr 80.9 249.6 161.8 
AGS) Wo) GWlooinioo DUSo ub cots oDOSeO GoLS 120.0 434.6 240.2 
Glo.) We) MOlelo osc noon cauodoog Gudd oDoC 150.9 354.8 313.8 
AlOl), (Ho) (Helo Gunman nade anoono,ccoc ass: 119.4 295.8 238.8 
Soweto Onno sabe se Gooosa eB bore 206.9 380.8 413.8 


Importance of the Active Plant Food.—The active plant food 
is thus related, on an average, to the ability of the soil to supply 
plant food. Variations undoubtedly occur, due to variations in 
the nature of the active plant food. ‘The relation of the active 
plant food to field results must be studied and worked out. 
Deficiency as shown in pot experiments must be considered as 
relative deficiency, and in applying the results to field conditions, 
the possibilities of the soil under the prevailing climatic condi- 
tions must be considered. For example, in our pot experiments, 
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soils containing 100 to 150 parts per million of active potash were 
deficient in potash in 54.3 per cent. of the tests, and yet on an 
average, they gave up enough potash for 102 bushels of corn, 
the maximum being 352 bushels. In other words, the pot experi- 
ments demanded more potash than would suffice for the crop 
indicated above. Had the demands for potash been smaller, the 
soil would not have been deficient. 

The importance of the estimation of the active potash and 
phosphoric acid is to show the relative deficiency of the soil for 
these elements. The tables we have given are an aid in this con- 


POTASH IN CROPS IN PARTS PER MILLION OF JOIL 


AcTivE PaTtasH in Soin in PARTS PER Mittion 


Fig. 43.--Relation of the potash removed by crops in pot experi- 
ments to the active potash contained in the soil. 
sideration. For example, a soil containing 10 parts per million 
of active phosphoric acid and 50 parts of active potash, would 
have an average corn possibility of 4.5 bushels for phosphoric 
acid and 58.6 bushels for potash. Evidently there is greater need 
of phosphoric acid than of potash, and the two become equal by 
the addition of sufficient phosphoric acid for 54.1 bushels corn. 
13 
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This, however, is only an illustration. Field experi must 


show the exact relation of the two. 
Relation of Total Nitrogen to Results of Pot Experiments.'—Pot 
experiments similar to these just described have been used to 
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Fig. 44.—Relation of total nitrogen to the average weight of the crops 
grown without addition of nitrogen in pot experiments. 
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PERCENTAGES OF NITROGEN IN SOIL 


Relation of total nitrogen of the soil to the average effect 
of fertilizer nitrogen in- pot experiments. 


trace the relation between the total nitrogen of the soil and the 


1 Texas Station Bulletin No. 151. 


Fig. 45.— 
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effect of the fertilizers. They will be described here on account 
of their relation to the preceding work. The effect of the fertilizer 
is, in general, related to the content of nitrogen in the soil. The 
percentage of nitrogen in the crop increases as the percentage of 
total nitrogen of the soil increases. ‘The average corn possibility, 
in bushels per acre, based on the quantity of nitrogen removed 
fiom the soils in pot experiments, is given in the following table: 


Average 
Percentage of corn possibility 
nitrogen in soil (bushels per acre) 
! 
COOOL TON OLOZ rn teree Ne el cieteleieieieiel ee ele + os ofei oc shane 5.7 
OMIST tO? O04 Cet tiie soiree ios cs ee oo Seem 0.4 
OAL | O00). "> <a tn RIED EYs uf yo sie Give wo oe ed erage 13.6 
POET TOVONTON (iki vi ceen EM erttets Gib cea ca case orl 22.3 
PTR EGROLT CS, Succ boty Sa HUMMER te BUG so os os oo o's baa 42.9 


Interpretation of Soil Analysis with Weak Solvents.—he “corn 
possibility” figures may be used for the purpose of ascertaining 
the probable relative deficiency of a soil. Suppose, for example, 
a soil contains 0.086 per cent. nitrogen, 8 parts per million active 
phosphoric acid, and 105 parts per million active potash. Re- 
ferring to the tables, we find: 


Corn possibility 
(bushels) 


PACeh TE OS CIN ct epee cd crasa tin chehe rc vbeTeanikis bye «be a's ereee 22.0 
RORMACHIVETDNOSDHOMICHACIG i sake sierra G viele oss a ele ects 4.5 
OG MACELVGN POLASMtmeriretdh: slcrcsorial iets elect ctsraneiecs 01%! «+ oye hare 102.0 


Thus this soil would probably be most deficient in phosphoric 
acid, next in nitrogen, and least in potash, if tested in pot experi- 
ments. ‘The acid consumed and the fixing power should also be 
considered, but it is difficult to allow for them. 

The active phosphoric acid and potash and the total nitrogen 
are not, however, the only things to consider under field con- 
ditions. The form of the phosphoric acid, depth of soil, kind of 
cultivation, season, etc., all influence the size of the crop. It is 
thus not possible to say that the corn possibility represents what 
should actually be produced in the field. Field results must be 
worked out for different localities, as no doubt climate and tem- 
perature will cause soils of the same analysis to give different 
results in different sections. 
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The fact that there is possibly a close relation between chemical 
analyses and field results is shown in certain results secured at 
the Texas Experiment Station. Eight soils in which total 
nitrogen was probably the controlling condition, averaged 11 
bushels per acre corn possibility, while the actual yield as claimed 
by the farmers was 18 bushels. Five soils controlled by active 
phosphoric acid averaged 12 bushels corn possibility, and actual 
production averaged 14. Considering the fact that the actual 
yields given were estimates, and that the corn possibility is prob- 
ably a little low, the agreement is good. ‘This matter requires 
considerably further study. 


Water-Soluble Constituents.—The water-soluble constituents of 
the soil are of significance from the fact that material can enter 
the plant only in solution. The root is composed of cells, 
through which there are no openings for the entrance of solids. 


Fig. 46.—Enlarged plant cell, normal below, and with the protoplasm 
contracted by nitrate of soda above. 


When a liquid containing a substance in solution is brought 
in contact with another portion of the same liquid which 
does not contain that substance, the dissolved substance passes 

' Proc. Int. Cong. of Applied Chem., 1912. 
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into that portion until all parts of the liquid have a uni- 
form composition. This is called diffusion. The same occurs 
when the liquid is separated by a membrane, which the dissolved 
substance is able to penetrate. Substances which cannot generally 
pass through membranes are termed colloids, examples being 
albumen, glue, etc. Salt, sugar, calcium sulphate, which can pass 
through, are called crystalloids. If, then, a plant cell is brought 
in contact with a solution of a substance which can penetrate the 
outer membrane, diffusion will take place until the number of 
ions of the same kind entering the cell walls is equal to the num- 
ber leaving it. If the cell life appropriates any of the ions, and 
holds them, so that they become incapable of diffusion, the ions 
continue to enter the cell until the cell life becomes satisfied, and 
the number entering and leaving become equal. The same 
phenomenon occurs with an aggregate of cells or the entire plant. 
It is then possible for plants to extract elements from very dilute 
solutions, and accumulate them in their tissues, and also for plants 
to live in comparatively strong solutions of a salt without taking 
up large quantities of the substance. 

Diffusion into Cells—According to Pfeffer, plant cells are 
composed of three parts; an outer cell wall, of cellulose or some 
other membrane; a layer of protoplasm or living material adherent 
to the cell wall; and the cell sap. The cell wall is in general more 
permeable to dissolved substances than the protoplasm, and hence 
many substances pass through the cell walls but not through the 
living plasma within. “It is indeed possible that the water and 
salts absorbed by the roots pass mainly if not entirely through the 
walls of living cells or the walls and cavities of dead wood fibers, 
so that only on reaching the leaves of a tree do they penetrate the 
living protoplasts there.” The character of the cell wall and of 
the protoplasm membranes determine whether a given substance 
will penetrate to the interior of a cell, and any such substance 
will continue to be absorbed until a condition of equilibrium is 
reached, when all further absorption ceases. If this condition of 
equilibrium is disturbed, absorption may continue, and relatively 
large quantities of a particular substance may be absorbed from 
a very dilute solution. 
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Every substance which can pass through the different cellular 
membranes penetrates the protoplasm independently of whether it 
is useful, unnecessary, or even injurious. 

Cells may convert bodies which diffuse into them into non- 
diffusing compounds, and the substance will continue to enter as 
long as this takes place. The non-diffusing compound may be 
soluble or insoluble. Thus methyl blue is fixed in an insoluble 
form in the roots of Azalla, while in the roots of Lemna minor it 
accumulates in a dissolved form. In both cases the dye is ac- 
cumulated from very dilute solution, and the cells become dis- 
tinctly colored. ‘The dissolved substances in the cell sap (sugar, 
salts of organic acids, potassium nitrate, etc.,) must be present in 
a non-diffusing form. The presence of nitrates in dead cells 
does not indicate that they are so present in the living cell, for the 
non-diffusing substances may decompose immediately on the 
death of the cell. a 


Transpiration Movements.—Diffusion alone is a very slow 
movement. It requires 319 days to transport by diffusion alone, 
1 milligram the distance of 1 millimeter from a Io per cent. solu- 
tion into pure water. . Most of the material which enters the 
roots of a plant, though it must diffuse through the root wall, 
enters in the current of water afterwards transpired, rather than 

by diffusion alone. 

' Active transpiration must lead to the continuous introduction 
of new traces of salts by the water current, since backward 
diffusion is slow. This explains how relatively large amounts of 
saline materials are sometimes found in plants. Nobbe and 
Siegert actually found patches of saline incrustation on the leaves 
of buckwheat and barley when the plants were grown in a I 
per cent. solution of salts. Soluble incrustations are sometimes 
found on plants, and calcareous scales are often found on the 
leaves of many Saxifrage and other plants. Transpiration may 
also aid in the deposition of silica in the cells of plants. 


Absorption by the Root.—Excepting carbon dioxide (and nitro- 
gen in some cases perhaps) the roots absorb all the compounds 
used to build up the plant; namely, water, hydrogen, and oxygen, 
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and all the other elements in the form of salts. Salts of iron, cal- 
cium, magnesium, sodium, manganese, potassium, silicon, chlor- 
ine, nitrogen, sulphur, and phosphorus are thus taken up. 

Salts in solution are more or less decomposed into ions, which 
are atoms or groups of atoms charged with electricity. ‘Thus, 
sodium chloride is broken down into the ions, Nat and Cl-, so- 
dium sulphate into Na+ and SO,=, potassium nitrate in KT and 
NQ,~. Plants have the capacity of taking up one or the other of 
these ions alone. From a solution of potassium chloride, the 
plant may take up more potassium ions than chlorine ions, leaving 
hydrogen in place of the potassium. The liquid would then be- 
come acid from the presence of hydrochloric acid. The plant 
may remove the nitrate ions from a solution of calcium nitrate. 
‘The calcium ion would then unite with carbon dioxide and form 
insoluble calcium carbonate. 


The above considerations are essentially modified in the pres- 
ence of two or more salts; as a rule, when two salts are present, 
which are required by the plant, their absorption is accelerated. 
For example, potassium salts are taken up in much larger quantity 
when a calcium salt is present. Potassium nitrate may be entirely 
removed from a solution containing calcium nitrate. In the 
presence of other ions, the potassium ion, nitrate ion, phosphate 
ion, and sulphate ion can be completely removed from solution, 
while calcium or magnesium ions become more concentrated in 
the solution, as a rule. 

A study of the effect of the amount of water evaporated upon 
the ash constituents taken up has shown that the stronger the 
evaporation, the more dilute is the solution taken up by the plant, 
but at the same time the more substance is taken up, since the 
decrease in concentration is in a less ratio than the increase in 
water evaporated. ' 


Soil Solution—The soil solutions are exceedingly dilute. From 
what has been said, however, it is seen that plants may withdraw 
nourishment from very dilute solutions. It is self-evident, that 
when the dilution goes below certain limits, diffusion will not 
take place with sufficient rapidity to satisfy the requirements of 
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the plants, and limits are conceivable at which only a minimum 
growth will take place. 


In other words, there is an optimum of concentration, above 
and below which a lesser production of plant substance takes 
place. Below, because transpiration and diffusion do not provide 
sufficient food. Above, because concentrated solutions are in- 
jurious to plant life. 


An example of the effect of dilution is presented below. 


Yields gm. dry matter 


I’ part per thowsand =... seein siete bees 0.49034 
BpartSaper thousand i ciy- eM «<5 sc. ss ciclo treet 0.7320 
Se DAaLts PED tOoUsandis: semenNMMMIMT 0. cis. 0 «ccm. eevee 1.1540 


The plants are grown in water containing a mixture of the 
various necessary salts. 


Solvent Action of Roots.—Although plants can take up sub- 
stances only in a state of solution, they have some power of 
bringing substances into solution. Etchings showing the shape 
of the root can be obtained by causing plants to grow upon 
polished marble, and such etchings are often found in nature. 


The solvent action of roots is aided by the intimate contact 
between root hairs, and soil particles, the latter often being 
literally imbedded in the roots. The solvent action observed may 


Fig. 47.—A root hair, highly enlarged, showing the intimate 


contact of root and soil. 


be brought about by the action of carbonic acid given off by the 
roots, and the etchings mentioned above may be formed in this 
manner. According to Czapek, roots excrete potassium acid 
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phosphate, which has an acid reaction. The vegetable acids in 
the root juices may also be effective, without actually passing 
through the membrane. The vegetable acids are dissociated to a 
certain extent into hydrogen and other ions; for example, oxalic 
acid may dissociate into the ions H and HC,O,. The ion HC,O, 
may be held in a non-diffusing condition, while the hydrogen is at 
liberty to pass through the membrane, and thus exert an action 
upon external substances. In this way there may be an exchange 
of H and Ca ions, for example. Whatever the cause of the 
solvent action of plant roots, it is well demonstrated that plants 
can take up material not dissolved in the solution which extends 
between the soil particles. 


Water Extract of Soils—In arid climates, water-soluble mate- 
rial may accumulate and give rise to alkali. The solvent action 
of water in a soil under natural conditions is increased by the 
carbon dioxide formed from decaying organic material. 


On shaking a soil with water, a small amount of soil ingredi- 
ents enters into solution. The extract does not represent the solu- 
bility of the soil constituents in water, but is the resultant of the 
solvent and fixative forces, as in the case of the acid extract. The 
soil has a much greater power of withdrawing material from 
water than from acid solution, and hence the aqueous extract is a 
much poorer measure of the solubility of soil materials. For 
example!, on shaking a certain soil with water, the resulting ex- 
tract contained 2.3 parts per million of phosphoric acid, and the 
same results were secured on shaking it with a solution of potas- 
sium phosphate containing 10 parts per million of phosphoric 
acid. 


Composition of the Water Extract——The soil extract varies 
widely in composition, even from soils of the same type. The 
following results are compiled (and recalculated) from Bulletin 
22 of the Bureau of Soils: 


1 Texas Station Bulletin 82, p. 16. 
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VARIATIONS IN COMPOSITION OF SOIL EXTRACT. 


Parts per million of soil Pounds per acre-foot 
Phosphoric] .; Phosphoric] 4, 
eal Nitrogen Potash ao Nitrogen Potash 
P.O; N K,0 P.O; N K.O 


Windsor sand..| 1.6- 7.6 | 0.2- 7.2|13.1- 55.3) 5-6-26.6 | 0.7-25.2|45.8-193.6 
Norfolk sand ..| I.0- 9.7 | 0.2- 6.4/13.9- 54.0) 3.5-53-9 | 0.7-22.4|48.7-189.0 
Sassafras loam -| 1.3-12.7 | 0.1-10.4] 9.5- 56.2] 4.5-44.5 | 0.3-36.4|33.3-196.7 
Leonardtown 


loam ....--.. I.7- 9.7 |trace 16.5|72.1- 62.0] 5.9-33.9 |trace 57.8/42.3.217.0 
Cecil sandy 

loam ........ 0.3-16.3, |trace 7.7] 9.0- 87.2) 1.0-57.1 |trace 26.9/31.5-285.2 
Cecil clay ..... I.4-24.0 |trace 9.2] 5.9-100.6/14.9-88.0 |trace 32.2/20.7-352.1 


The Bureau of Soils claims that the composition of the soil 
extract 1s practically constant in all soils, but it is difficult to see 
how the preceding analyses can be reconciled with such claim. 

If we assume that in the production of 1 gram of dry matter 
500 grams water are transpired, we can calculate the concentra- 
tion of the absorbed water required to give the average composi- 
tion of various plants. This has been done and the results are 
in the following table: 


Percentage in | Necessary concentration of 

dry matter of plant soil solution per million 

Phosphor Potash Phosphoric Potash 
Meadow hay .......... 0.59 1.86 | sf) 37 
Timothy grass. ..-- 0.80 2.36 16 47 
Winter wheat (bloom). "0.53 1.94 II 39 
Oats, in bloom ........- 0.68 2.62 14 52 
Barley, in’ DlOOM =i 0.67 1.65 is 33 
SUGALICAME - hin) pole asi 0.16 0.45 | 3 9 
Red (clover -e\)<- «02. == 0.66 2522 1 44 
PAiiall fateryerenelotcte sie tore sats 0.63 1.73 13 15 


If we compare this table with the preceding, we find that the 
soil moisture does not contain enough phosphoric acid. In only 
three of the soil series is even the maximum content of phos- 
phoric acid sufficient for the requirements of any of the plants 
(except sugar cane). ‘The minimum content of the soil moisture 
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in potash falls below the concentration required, but the maximum 
of all series of soils is above the maximum requirements of the 
plants given above. 

Investigations were made by King' upon the water-soluble salts 
of the soil, and the yield of corn and potatoes on eight types of 
soil in North Carolina, Maryland, Pennsylvania, and Wisconsin. 
He concludes that “there is a well-marked tendency for larger 
amounts of water-soluble salts to be removed by the methods 
adopted from the soils upon which the crops have made the 
largest yields.” The water-soluble material was estimated to the 
depth of four feet. The addition of fertilizers was also found to 
increase the water-soluble salts, and where determined under large 
and under small plants in the same field, differences were also 
evident, as the soil under the larger plants contained more water- 
soluble materials. 

The following table shows the water-soluble material dissolved 
from seyeral types, according to King’s? investigations : 


SALTS DISSOLVED BY WATER FROM SURFACE FOUR FEET OF SOIL 
TYPES (POUNDS PER ACRE). 


K Ca Mg | NO; HPO, 
| 

Norfolk sandy soil.......-. 210 404. 197 162 141 
Selma\silt loam! =~). .2. <-)-)- 154 | 415 163 97 120 
Norfolk sand......--.--.. 190 387 L730 ely I9I 
Sassafras sandy loam .-.--. 175 375 177 128 135 
Hagerstown clay loam -... 192 1,036 306 262 221 
Hagerstown loam.-.--..----- 246 gio 281 429 196 
Jonesville loam-.......-.- 364 1,070 420 560 336 
Miami loam.....-........- 257 1,049 386 200 288 
Average.-----+.-.:. 224 705 263 | 106 66 


The average quantity of plant food dissolved from the soil was 
sufficient to produce the following amounts of clover hay :* 


Tons 
DELS NSN a1 te cP ORG Cio Ota EE RRM RY OCIS cers OtaAnieacer 7.2 
TERENCE ee neta ek K) wie alas /-w'slerateel tte ORDERS sore « 24.6 
A ELOS EER beech enced ctaeat oct sis.8 3 5b ave awe Pee ay ete Wie vik 2.7 
BOs irc Melt elas 5, td oe sate Se Ray eae bce 13.2 


1 Bulletin 26 Bureau of Soils. 
» Bulletin 26, p. 65, Bureau of Soils. 
3 Bulletin 20, p. 78, Bureau of Soils. 


CHAPTER XI. 


CHEMICAL CHANGES. 


The soil is not inert, but a great number of changes take place 
in it, some purely chemical, and others brought about by the 
action of bacteria, fungi, protozoa, and other forms of life. The 
most important changes have to do with organic matter and nitro- 
gen. The bulk of the nitrogen in organic forms in soils is useless 
to plants, and must be changed before it can be taken up by them. 
Phosphoric acid and potash are fixed by the soil, and their com- 
pounds undergo various changes. 


Changes of Nitrogen in the Soil—Many changes take place in 
the nitrogen of the soil. There is, first, the transformation of 
organic nitrogen into ammonia, termed ammonification. Next is 
the change of organic matter, ammonia, and nitrites, to nitrates, a 
change called mitrification. Another change is the destruction of 
nitrates, either nitrites, ammonia, protein, or free nitrogen being 
formed, a change called denitrification. A further change is the 
production of organic compounds from the elementary nitrogen 
of the air, a change called mitrogen fixation. As these changes 
are brought about chiefly by the agency of bacteria, it is necessary 
to give a little space to the study of soil bacteria. 

Soil Bacteria..—Bacteria are organisms so small as to be seen 
only under the highest power of the microscope. ‘They are 
grown either in liquids or on the surface of slices of potatoes, 
solidified plates of gelatin, agar, or similar material, the proper 
nourishment being supplied. The plate method is used for isolat- 
ing and studying bacteria, since many kinds of bacteria form 
characteristic colonies, and a pure culture can easily be secured 
therefrom. Unfortunately many important soil bacteria do not 
grow well on such plates. This is especially true of the nitrate 
bacteria. Since bacteria abound everywhere, it is necessary 
in the study of bacteria to destroy all those which are originally 
piesent in the vessels or materials which are to contain those to 


1 Review of investigations of Soil Bacteriology, Voorhees and Lipman, 
Bulletin 94, Office of Exp. Sta. 
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be studied, and to guard as much as possible against contamina- 
tion from outside sources, such as the air. Bacteria may be pres- 
ent as spores which are a resting, or “seed” stage of bacteria, and 
are much more difficult to destroy than the growing bacteria. 


Fig. 48.—Colonies of bacteria growing in a gelatine plate. Kansas Station. 


Method.—Forceps, cover slides, etc., are sterilized by heating 
in a Bunsen burner. Glassware, such as flasks, beakers, pipettes, 
etc., and other articles which can be subjected to it, may be 
sterilized by dry heat one hour in an air bath or oven at a tem- 
perature of 170° C. In order.to prevent contamination after 
sterilization, they are placed in closed vessels until needed. Flasks 
and pipettes may be plugged with cotton wool, which allows the 
entrance of air, but excludes bacteria. 

Distilled or tap water is sterilized by boiling. Boiling for five 
minutes will kill ordinary germs if no spores are present. Media 
are often sterilized by heating in steam at 100° C. Steaming one 
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and one-half hours will sterilize any medium, but this injures 
some media, especially gelatin. The method adopted in such 
cases is to steam for 15 minutes on three successive days. This 
rests on the principle that all bacteria in the non-spored condition 
are killed the first day, while the spores which are not killed, 
develop into bacteria dnd are killed the second or third day. A 
rapid and effective method of sterilization consists of steaming 
under pressure at 115° C. from 7 to 15 minutes. 

A variety of media are used for growing bacteria, such as meat 
extract, broth, blood serum, milk, slices of potatoes, etc. 

Number of Bacteria.—One method of estimating the number 
of bacteria in the soil is as follows: About a gram of the soil is 
shaken from a weighed tube into a liter of sterilized water, and 
the tube reweighed. The soil and water are then mixed thor- 
oughly. Tubes of modified agar’ are then melted, and one inocu- 
lated with 0.1 cc. of water, another with 1.0 cc. The agar is then 
poured into flat dishes provided with a cover (petri dish) which 
have previously been sterilized, and, after the gelatin has hard- 
ened, it is set aside for the colonies to develop. This procedure 
is termed plating. Each kind of bacterium that will grow upon 
the material used, produces a characteristic group or colony. 

The colonies are then counted. For example, if 1 cc. of water 
is used and 100 bacteria developed, the soil contains 100,000 to 
the gram, since the quantity of water used was shaken with 0.001 
gram soil. 

The number of bacteria counted in this way in the soil is some- 
what variable; from 8,000 to 6,000,000 per cc. have been found 
in the surface soil. The number decreases with the depth, until 
at the 5th to 6th foot comparatively few are found. The follow- 
ing is an example of such a test :* 


Number of bacteria 


Inches ; in one gram soil 
DADA ERROR SRR ANS ARES oo. 2h Te ED A 1,330,000 
Aidan Sik elas ack MORE A ETE Cheek sa ee eRe 1,500,000 
CORNY Steciotee Sesicictay hh s\0.4'0. 4.0 cs Ai a RRARS Bt He 1,900,000 
Sie «fees 6 <a eS OE ke ayes sas nace 260,000 
TO) Rat Oe Ser 0 RARE ia eR iereere oS nis, tare emode 265,000 
Le Pee abe ec sds 5 5 (rae ek ees 124,000 


1 Pp. E. Brown, lowa Research Bulletin No. 2. 
* Chester, Delaware Bulletin No. 65. 
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The number of bacteria so counted appears to have no direct 
relation to the ammonifying, nitrifying, or denitrifying power of 
the soil. Important groups of soil bacteria, such as the nitrify- 
ing, do not develop colonies at all. The bacterial count appears 
to be more closely related to the organic matter content than to 
anything else. If it is desired to study the bacteria further, the 
desired medium is inoculated with a portion of a colony grown on 
the plate. 

Another method? of estimating the number of bacteria consists 
in inoculating a series of suitable media from different dilutions 
of the soil, say equal to 1 milligram, 0.1 milligram, and 0.001 
milligram of soil. Suppose that with ten tubes inoculated from 
0.01 milligram of soil, 7 nitrify and 3 do not. Then we estimate 
that 7 bacteria were present in 10 times 0.01 milligram of soil, or 
7,000 are present ina gram. ‘The solution for inoculating is pre- 
pared by shaking the soil with sterilized water as described above. 

Kinds of Soil Bacteria.2—The general tendency of bacterial 
action in the soil is along well defined lines, although reverse 
changes occur and complicate the process. Organic matter, by 
decay or putrefaction, is finally converted into carbon dioxide, 
water, ammonia or nitrates, and mineral salts. Some soil bacteria 
produce organic matter from hydrogen or marsh gas and carbon 
dioxide, or use other inorganic materials (sulphur, or sulphides) 
as a source of energy, but, in spite of this, the general movement 
is as indicated. The general movement of organic nitrogen is 
towards the form of nitrates, through ammonia, in spite of the 
presence of bacteria which act in the reverse direction and con- 
vert nitrates into ammonia or bacterial substances, or ammonia 
into bacterial substance. Under special conditions favorable to 
the growth of the bacteria concerned, these reverse tendencies 
may predominate, or develop to such an extent as to materially 
modify the final results. 

The bacteria which affect the soil nitrogen are very important. 
Stoklasa® divides the bacteria into seven groups with respect to 
their action towards nitrogen: 


1 Wiley, Principles and Practice, Agr. Chem. Anal., Vol. Tt. 
> Kansas Bulletin 117; New Jersey Bulletin 4o. 
* Bulletin.94, p. 193, Office Exp. Sta. 
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(1) Bacteria which decompose nitrogenous organic bodies and 
produce ammonia. 

(2) Bacteria which oxidize ammonia to nitrites. 

(3) Bacteria which oxidize nitrites to nitrates. 

(4) Bacteria which reduce nitrates to nitrites and ammonia. 

(5) Bacteria which reduce nitrates to nitrites and the latter to 
elementary nitrogen. 

(6) Bacteria which change ammonia, nitrites or nitrates into 
protein or bacterial body substance. ‘This includes members of 
all the other groups. 

(7) Bacteria which fix atmospheric nitrogen and use it to 
form compounds. 

Bacteria have been found in the soil which take oxygen from 
sulphates, thus reducing them. Other bacteria are found which 
oxidizes hydrogen sulphide to sulphates. 

As regards organic carbon there are two great classes of bac- 
teria: 

(1) Those which oxidize organic carbon and produce carbon 
dioxide. 

(2) Those which reduce organic carbon and form marsh gas 
and solid products. Bacteria are also found in the soil which can 
utilize carbon dioxide and hydrogen to form organic matter, and 
there are also some which can use marsh gas. Bacteria which 
require oxygen are called aerobic, those which do best without 
oxygen, anaerobic, 


Other Organisms.—Organisms larger than bacteria are present 
in the soil, such as fungi which are classed as plants, and pro- 
tozoa, which are simple forms of animal life. These vary in 
abundance according to the nature of the soil and conditions of 
moisture, etc. ‘These organisms are being studied, but their rela- 
tion to soil changes are not yet clear. It is claimed that fungi 
are active in ammonification in some soils and that protozoa 
consume bacteria? and hence reduce bacterial action. Methods 
for counting them are being worked out.* 


' McLeon and Wilson, New Jersey Bulletin 270. 
2 OUT. LACT Sela, psa Malls 
* Jour. Agr. Res., 1915, 511. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 209 


Ammonification—A large number of different bacteria and 
molds are capable of converting organic nitrogen into ammonia. 
Molds probably do the larger portion of the work in manure 
heaps and very peaty soils, but in ordinary arable soils bacteria 
predominate. Most of the bacteria which grow upon gelatin or 
agar are ammonifying. 

Bacterium mycoides, which appears to be the most important, 
degomposes albumen with the production of ammonium carbon- 
ate and small quantities of formic, acetic, and butyric acids, car- 
bon dioxide, and other products. It requires the presence of 
oxygen; otherwise it reduces nitrates, if present, to nitrites or 
ammonia. The optimum conditions for its activity are a tem- 
perature of about 30°, complete aeration, slightly alkaline medi- 
um, and a slight concentration of the nitrogenous substance in 
solution. 


The moisture and temperature conditions of the soil play a 
prominent part in determining the character of the bacterial flora, 
and hence also the character of the chemical products formed. 
The mechanical and chemical constituents of the soil are also of 
decided influence. Heavy clay or.loam soils contain a greater 
number and variety of anaerobic organisms than light sandy or 
sandy loam soils under the same conditions. But aerobic and 
anaerobic bacteria are found in both kinds of soils. Aerobic or- 
ganisms may produce conditions favorable to the growth of an- 
aerobic organisms. Ammonification in the soil is due, at times, 
to processes partaking largely of the nature of decay, and at other 
times of putrefaction. By decay we mean the complete volatili- 
zation of the organic matter, while in putrefaction ill-smelling 
bodies are found. 


Study of Ammonification.—-Ammonification may be studied in 
culture solutions, or in soils. ‘The former is better adapted to 
certain bacteriological studies, but methods which involve the use 
of the soil approach more closely to natural conditions. In either 
case, at the end of a definite period of time, the extent of the 
process is compared by an estimation of the quantity of ammonia 
formed. 

14 . 
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Brown,! for example, uses a culture solution composed of 10 
grams peptone to 1,000 cc. distilled water. He shakes 100 grams 
soil with 200 cc. water, filters, and inoculates 100 cc. of the ster- 
ilized culture solution with 20 cc. of the filtrate. Ammonia is 
determined in the culture after incubation for six or seven days. 
When soil is to be used as a culture medium, 100 grams air-dried 
soil are mixed with 5 grams dried blood or 5 grams cottonseed 
meal and 5 grams water and inoculated with 20 cc. soil infusion, 
and incubated as before. 


Various conditions which affect the process of ammonification 
can be studied in this way, such as the temperature, character of 
medium, time of incubation, kind of bacteria, etc. If pure cul- 
tures of different bacteria are compared, it is of course necessary 
to estimate the number of bacteria in the liquid used for inocula- 
tion, according to the method already outlined. ‘Two important 
ammonifying bacteria are bacillus mycoides, and proteus vul- 
garis, but a large number of bacteria take part in this process. 


The ammonifying power of the soil has been defined by some 
workers as the quantity of ammonia produced on inoculating a 
definite quantity of a suitable culture medium with a definite 
quantity of soil, and incubating under definite conditions. Am- 
monifying power measured in this way depends upon the number 
and activity of the bacteria in the soil at the time of inoculation, 
and will be affected by anything which affects them, such as the 
soil temperature, its moisture, kind and quantity of food present, 
character of soil, etc. In carrying out such tests, it is exceedingly 
important that the soils studied be kept under comparable condi- 
tions as regards these varying factors, so that only one factor, the 
one being studied, is variable. Ammonification in soils is, how- 
ever, quite different from ammonification in solution. 


Nitrification.—Nitrification takes place in two stages: nitrites 
are first formed from ammonia, and then changed té nitrates. 
Two kinds of bacteria have been isolated, namely, the nitrous and 
the nitric organisms. . 

The bacteria which oxidize nitrites to nitrates may be isolated 


1 Towa Station Research Bulletin No. 2. 
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from the soil without any great difficulty.1 A solution is pre- 


pared as follows: . 


Distiledswateweescacesneactts ews... .. ) ove 1,000 cc, 
PotassnmmeniosDidte fice ic... ton c See I gram 
Mapnecnmmmeplphate 2/502. 7 0.3.0... . eee Tk eee .. 0.5 gram 
Calcmiaeegtler ye te ce cece ssc eo occ Oe trace 

Potassium mitete) oo.3. 6 e's | oS cu 0.2 gram 


After sterilization, 100 cc. of the solution is inoculated with 
abott 0.1 gram moist soil. This medium is unfavorable to all bac- 
teria except the nitrate organism. After the nitrate organism 


Fig. 49.—Microscopic appearance of nitrous bacteria. Winogradski. 


has developed, as shown by the formation of nitrates and the 

weakening or disappearance of the nitrous acid, a few drops of 

the culture are diluted with sterilized water, and fresh portions of 

the medium seeded with single drops of the diluted culture. Some 

of these cultures will probably contain only the nitrate organism, 
1 Wiley’s Principles and Practice of Agricultural Analysis, Vol. 1. 
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but at any rate, the other bacteria can be eliminated by a few 
more cultures. The purity is tested by plating with a drop from 
each culture. The nitrate organism does not grow on gelatin or 
agar, so that if no colonies appear, the solution is probably free 
from contaminating bacteria. The growth of these organisms 
produces scarcely any change in the appearance of the solution. 
After staining with coloring matter, the organisms may be seen 
under the microscope as minute, peanut-shaped bacteria. They 
are termed Nitrobacter. 


Fig. 50.—Microscopic appearance of nitric bacteria. Winogradski. 


The nitrous organism, which converts ammonia to nitrites, 1s 
much less easily isolated than the nitric organism, for the reason 
that other bacteria will grow along with it, and also because 
it does not grow well on agar or gelatin plates. Wuinogradsky* 
was finally successful in isolating it. He first cultivated the 
bacteria in a medium of the same composition as that given above, 

1 Wiley’s Principles and Practice, Vol. 1. 
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except the potassium nitrite was replaced by about 2 parts per 
thousand of ammonium sulphate. A little magnesium carbonate 
was also added. Silica medium was prepared by treating water 
glass (sodium silicate) with hydrochloric acid, and dialyzing in 
distilled water until free from salts. The solution of silica was 
then concentrated, nutrient salts added (in proportions referred 
to above), and the liquid seeded with one drop of the culture 
mentioned above. The mixture was poured into a sterilized 
petri dish, and a drop of a saturated solution of salt added to 
coagulate the silica. This mineral jelly was very unfavorable to 
the growth of any except the nitro-organisms. 

The bacteria grow as very small colonies, but on the surface 
they form a white crust. Stained with dye, and examined under 
the microscope, they appear as round or roundish organisms. 
Winogradsky separated three varieties of nitrous bacteria: Nitro- 
somonas europaea from Europe, Nitrosomonas javanesis from 
Java, and Nitrosococcus from America. 


Study of Nitrification.—Nitrification may be studied in culture 
solution, or in the soil, and each method has its advantages for 
certain kinds of work. 

A culture solution may be prepared as follows :* 


Distilledwateimeraceeriie ciate es «ee 1,000 cc. 

Aimmonitimp sulphate: yacie aes siete ter ccle eecie sc eee = 2.0 grams 
Rotassii PHOSpltatewersacike ceieecetia ccse sore ee + wi! 1.0 gram 
NiaomesIiimMMSUlpltat more ycrata ttre eealete s rsieie sa eseve 0.5 gram 
RSE UME 45 456 00eb botbao 1 on ote 0.4 gram 
SOMMemmacinOnae se etna eats, ose a es as 2.0 grams 


To each 100 cc. portion, 1.0 gram magnesium carbonate is 
added. ‘The solution is inoculated with a small amount of soil, or 
with soil extract, and incubated for 25 to 50 days. The quantity 
of nitrous and nitric nitrogen is then estimated. This method may 
be used for studying the effect of temperature, light, etc., or for 
estimating the inoculating power of soils held under different 
conditions. The differences in the effect of soils inoculated into 
different solutions will, of course, be due to differences in the 
number and activity of the organisms in them. 

1 Lipman, Report New Jersey Exp. Sta., 1907, p. 176. 
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If a soil is to be used,! it is mixed with a small amount of am- 
monium sulphate, cottonseed meal or some other nitrogenous 
material, and water. Fresh moist soil may be used, or air-dry 
soil, which is inoculated with other soil to furnish the bacteria. 
It is hardly practical to sterilize the soil by heat, as this changes 
its chemical character decidedly. After incubation for a period 
of 30 to 50 days, nitrates are estimated in the soil. Nitrification 
in the soil is different from nitrification in solution. Cottonseed 
meal added to a soil will nitrify, while if added to solution, it will 
putrefy.* 

Nitrification, ammonification, and similar soil activities, may be 
studied with respect to the soil, or with respect to the organisms.* — 
Nitrifying capacity* may be defined as the capacity of a soil to 
serve as a medium for the growth of nitrifying organisms, com- 
pared with a standard soil, both soils being provided with equal 
members of bacteria of the same activity, with equal amounts of 
nitrogenous compounds, and kept under similar conditions. 
Nitrifying power may be defined as the ability of a soil to set up 
nitrification in a soil or culture medium inoculated with it, and is 
a measure of the number and activity of the organisms in the soil. 
Similar terms may be applied to other bacterial activities. 


Conditions Favorable for Nitrification.—The conditions favor- 
able for the development of the nitrifying organisms, as estab- 
lished by experiments, are as follows: 


(1) Suitable Food—Potash, phosphoric acid, lime, sulphates, 
and carbon dioxide appear to be essential. 

(2) Presence of Base —The nitric acid must be neutralized, as 
the organisms will not thrive in an acid medium. Calcium car- 
bonate or sodium bicarbonate are effective. ‘Too much base is 
injurious. 

(3) Suitable Temperature and Moisture —Nitrification is most 
active at 36°. It almost ceases at low temperatures. 


1 Am. Chem. Jour., 1903, p. 225. 


* Report North Carolina Exp. Sta. 1902-3, p. 27. 
3 


Stevens and Withers, Proc. Ass. Off. Agr. Chem,, 1909, p. 34. 


* Texas Bulletin, 106. 
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(4) Absence of Strong Light—Light suspends the action of 
the organisms and finally destroys them. 

(5) Freedom from Excess of Salts—Ammonium chloride, car- 
bonate, calcium chloride, or other salts in excessive amounts in- 
hibit its action. : 


Physical Conditions—The three most important physical con- 
ditions which affect nitrification are, looseness of -the soil, tem- 
perature, and water content. 

A loose and porous condition of the soil is more favorable to 
nitrification than a compact condition. Thus, a soil under cul- 
tivation allows more nitrification than the same soil in pasture. 
Stirring a soil also favors nitrification. For example, King ob- 
tained the following results in 285 days: 


Nitric nitrogen per acre foot 
Cultivated eee 
weekly ees 
pounds pounds 
INO PICU yankee etree a tersbinete tore min artloterens ie evieteces ous 326 326 
(Cyadinavaierelesa(abavcl spay Step ao od ode ooo roe Bete 218 213 
CGinltivated le twOllenecrers caisson seein eo eraeny aes 323 199 
CrlitwabedstaTee LMC HeSierreyreiclrarcle ra cieiaiercieis. vieja 4AT 40r 
Cumbia aAreGetolti WTO ESh mie cpeenee emer erase el orcs z 387 245 


Nitrifying organisms, like other living things, have a minimum, 
maximum, and optimum temperature of existence. The mini- 
‘mum seems to be about the freezing point of water, the maximum 
about 45° C., and the optimum about 35° C. 

King and Bertz obtained the following results in 27 days, 
expressed as nitric nitrogen in parts per million of soil. 


Temperature + Parts 
degrees F. per million 
Bid ilies Ede. es ile a nee ated aE i ie eI A Ge Te STE ty 6.5 
INO) bo Rod c bios bb 6. ded OCS UIE DICED OIG inp. binep tho Caen. o tcie.n Oa Fie?! 
PROD ES thle thc boro ADO ch tb oD BOG OLD ORIOL OOeod Ciclo & cidiolcid.< bioaaae 14.3 
Orrell f oneneltcial steer telieits et wifoxs:ieiacie’'s lo <n sierahueheomecenedatiotor ate eleistele tai 20.1 


Production of Ammonia and Nitrates in the Soil—vThe produc- 
tion of active nitrogen in the soil depends upon the nature of the 
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soil, and the conditions surrounding it. Nitrification and am- 
monification, if too slow, will not provide the growing plant with 
sufficient food; if nitrification is too rapid, the excess of nitrates 
may be washed out and lost, thereby diminishing the productive 
power of the soil. A large excess of nitrates is injurious to 
some plants. 

The following is an illustration of the effect of moisture: 


EFFECT OF WATER ON PRODUCTION OF ACTIVE NITROGEN.! 


Soil A Soil B 
Relative production of Relative production of 
Water present 
ote Nitric sald Nitric 
oe and ammonia Pees and ammonia 

8 nitrogen 8' nitrogen 
2/9 of capacity......... 72 IOI 133 | 104 
Syke) oe see tenes 100 100 Loo | 100 
5/9 * PE eee tee oe 76 106 189 III 
7/9 se UE aN Torker Mauer sy sis fe) 70 16 | 70 
9/9 *‘ OO TE oa noes oO 35 18 60 


The most favorable amount of water for the production of 
nitrates in the first soil was 3/9 of its capacity. Little or no 
nitrification took place when the soil was very wet, though a con- 
siderable amount of ammonia was produced. Plants such as rice 
which grow in swamps or saturated soils must secure their nitro- 
gen from ammonia® or organic bodies. 

Nature of the Soil—By the nature of the soil is meant the 
complex of physical and chemical properties which make up the 
soil properties. Which of these properties are of predominating 
influence in the production of active nitrogen, remains to be as- 
certained. 

The nature of the soil has a decided effect upon the course of 
nitrification within it. Different soils when placed under similar 
physical conditions, and provided with an equal number of 
nitrifying organisms and the same food for them, produce differ- 
ent quantities of nitrates. The quantity of ammonia and nitrates 
together which is formed is not, however, so different. The 


1 Fraps, Texas Station Bulletin 106. 
* Kelley, Hawaii Bulletin 31. 
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following table shows the differences in some soils in the produc- 
tion of nitrates and ammonia: 


EFFECT OF NATURE OF SOIL ON PRODUCTION OF NITRATES 
AND AMMONIA.! 


Rank based on 


Soil st eee 
Sek es Nitric 
Nite and ammonia 
mS nitrogen 
74 @ (ee oie: af La)'n\ cme e Shee: eiakelate faljelels! sieva\ pie“ sini eue 5 © el eve 55 Ico 1o0o 
9 i 42 94 
TB elee ceieciss cise | Wise ac aalm cenieimeimisivienn cicievieis +++ 14 84 
75 o sie inletaihs ue vevei-t aisymiele leheticis)=)-epenetiolelenee aimjnisi) << °.\* =" 7 77 
[oooodas tose cansuc saps ooeT Ose Jog oo oSin hoe sete 5 70 


While these soils varied from 100 to 5 in nitrifying capacity, 
the production of active nitrogen (nitrates and ammonia) varied 
only from roo to 70. When the production of nitrates alone 
is considered, the soils vary greatly, but if nitrates and ammonia 
together_are taken, the differences are much smaller. If nitrates 
are much more valuable to plants than ammonia, these differences 
are very important, but if there is little difference in the value 
of the two, soils under favorable conditions do not vary greatly 
in their power to supply nitrogen from the same organic bodies. 
According to Russell? plants on cultivated soils probably absorb 
all their nitrogen as nitrates. There is no doubt, however, but 
that plants have the power of absorbing ammonia, and that am- 
monia is present in the soil, though ordinarily it is present only in 
a small quantity. Nitrification takes place to a very limited ex- 
tent in some soils. 


Effect of Chemical Additions to Soil.—\hile carbonate of lime, 
as a rule, accelerates nitrification, it has little effect upon the total 
production of ammonia and nitrates together. Its use may result 
in the production of nitrates in excess of the needs of the crops, 
and consequent loss of fertility to the soil. 

Additions of fertilizing materials to the soil (acid phosphate, 


1 Fraps, Texas Station Bulletin 106. 
* Soil Conditions and Plant Growth, p. 108. 
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sulphate of potash) may increase or decrease the production of 
nitrates, but they have little effect upon the total active nitrogen 
produced. 


Nature of the Material—Some substances are more easily 
attacked than others by the organisms whose final products are 
nitrates. While the importance of this fact is chiefly to be con- 
sidered in reference to organic nitrogenous fertilizers, yet it is 
necessary to bear in mind that the organic nitrogenous compounds 
of the soil may vary decidedly in the resistance which they offer to 
the nitrifying organisms. Probably in any soil, the less resistant 
compounds are oxidized first, and the remainder at a decreasing 
rate from year to year, so that the effect is a continual diminish- 
ing of the nitrates produced for the use of plants, unless measures 
are taken to introduce fresh nitrogenous material susceptible to 
nitrification. 

Denitrification—The term denitrification is applied to the 
destruction of nitrates. If an extract of stable manure is added 
to a solution of potassium nitrate, and kept at a favorable tem- | 
perature, the nitrates in time will disappear entirely. 

Under certain circumstances the nitrates in the soil are de- 
oxidized with the production of organic bodies, nitrites, ammonia, 
or even free nitrogen. In the latter case there is a loss of nitro- 
gen from the soil. We have already seen that the bacteria which 
change organic nitrogen into ammonia require oxygen, otherwise 
they will take oxygen from nitrates. The conditions favorable 
for denitrification are as follows: 


(1) Insufficient Oxygen—In water-clogged soils, or soils 
which are so compact that air cannot penetrate them, denitrifi- 
cation will take place. 

(2) Presence of an Excess of Vegetable Matter—Cases are 
known in which a heavy ‘application of manure destroyed the 
nitrates in the soil, and produced a smaller crop than if no manure 
had been used. Some believe that the denitrifying organisms 
introduced with the manure are the cause of the denitrification, 
but as has been pointed out by Warington and others, farm 
mianure introduces into the soil another factor of importance, 
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namely, a large increase in oxidizable organic matter, and this 
may favor denitrification both by lessening the gaseous oxygen 
and by tending to rob the nitrates of their oxygen. Undoubtedly 
the organisms are essential to the process, but they cannot thrive — 
unless the conditions are favorable to their activity, whether they 
are already present in the soil, or introduced in the manure. Such 
conditions are, either a diminished supply of oxygen, as by con- 
solidation of the soil or by saturation with water, or a very large 
quantity of oxidizable organic matter. 

Lipman? determines the “denitrifying power” of a soil by seed- 
ing 10 grams of it into 100 cc. of a neutral solution containing 
definite amounts of nitrates, dextrose, citric acid, and nutrient 
salts. When the nitrates have disappeared (in about 10 days), 
the total nitrogen is estimated in the solution. The percentage 
of nitrogen lost from the various cultures is taken as a measure of 
denitrifying power of the soil. The solution used is as follows: 

1,000.0 cc. water 
2.0 grams magnesium sulphate 
2.0 grams potassium phosphate 
I.0 gram potassium nitrate 
0.2 gram calcium chloride 
5.0 grams citric acid 
2.0 drops Io per cent. ferric chloride 

Neutralize while boiling with sodium hydroxide and add 2 
grams dextrose. 

The soil may also be used as a medium in which to grow the 
bacteria for the study of denitrification. 


Assimilation of Nitrates and Ammonia.—By growing plants in a 
solution of a nitrate, it is easily proved that they have the power 
to absorb it, and as the plant grows vigorously (when other neces- 
sary elements are present), the nitrogen must be in a form to be 
utilized. The nitrate ion may be completely removed from solu- 
tion when the other nutrients are present. Plants have also the 
power to take up an excess of nitrates. Small amounts of nitrates 
are often found in plants. An instance is on record in which corn 
took up so much that crystals of potassium nitrate would fall out 
when the stalk was tapped on a table. Nitrates appear to be a 

1 Report New Jersey Exp. Sta., 1907, p. 179. 
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form of nourishment most eminently fitted to all cultivated 
plants. They are easily and rapidly taken up by plants. All 
compounds of nitrogen placed in the soil tend to change to 
nitrates. 

The absorption of ammonium salts by the roots of plants can 
be shown in the same way, as for nitrates, namely, by growing 
plants in solutions containing the salts. There can be no doubt 
that plants absorb ammonia. ‘To decide whether ammonium salts 
can serve satisfactorily to produce organic matter, is more diffi- 
cult, since transformation of the ammonia to nitrates must be 
excluded. Hampe grew corn in solution containing ammonium 
salts and other nutrients, which were repeatedly changed to ex- 
clude nitrification. The corn was apparently not nourished well 
at first, but later grew well. Kuhn and Wagner obtained similar 
results. Muntz deprived a soil of nitrates by washing, fertilized 
with ammonium salts, and took proper precautions to prevent 
nitrification. Corn, beans, barley, and hemp attained a normal 
development, and their growth could only be attributed to the 
influence of the ammonium salts used as a fertilizer. Other ex- 
periments in the same direction could be cited. We must con- 
clude that ammonium salts, as such, serve as nourishment for 
plants.1 Organic compounds are also assimiliated (p. 161). 


Fixation by Bacteria.—Besides the bacteria which fix nitrogen 
in connection with legumes, other nitrogen fixing bacteria occur 
in the soil. 

These bacteria are not easily isolated, but may be separated 
by the dilution method. ‘They may also be separated by plating.’ 
The chief nitrogen-fixing bacteria are Chlostridum Pasteurianum 
and species termed azotobacter. Under favorable conditions, 
they decompose from 100 to 200 grams sugar for each gram 
nitrogen fixed. 

Nitrogen fixing power is estimated by Lipman® by inoculating 
100 cc. of the culture solution given below with 10 grams of soil. 
After incubating 10 days at 28° C. the total nitrogen is estimated, 


1 Jour. Agr. Science 3, p.179. 
* Bulletin 66, Delaware Exp. Sta. 
* Report New Jersey Exp. Sta., 1907, p. 181. 
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the nitrogen in a portion of the original culture solution having 
previously been estimated; the gain in nitrogen is a measure of 
the nitrogen-fixing power. 

The culture solution is prepared as follows: Water 1,000 cc. 
mannite 15 grams; potassium phosphate 5 grams; magnesium 
sulphate 0.2 gram; calcium chloride 0.02 gram; and ferric chlo- 
ride, 2 drops of a 10 per cent. solution. The solution is then 
made alkaline with sodium hydroxide, and sterilized. Brown re- 
ports that much more satisfactory results may be secured by the 
use of a soil as the medium for the culture. 

We have as yet no evidence that the quantity of nitrogen 
assimilated by these bacteria, is of importance under ordinary 
agricultural conditions. According to Headdin,’ fixation of 
nitrogen and subsequent nitrification gives rise to alkali niter 
spots in Colorado soils. 

Experiments at the New Jersey Experiment Station? indicate 
the possibility of the.addition of nitrogen to the soil in this way. 
An analysis of the soil at the beginning and end of two years, 
together with the estimation of the nitrogen in the crops har- 
vested, showed an undoubted gain of nitrogen. ; 

Cultivated soils have a higher nitrogen fixing power than vir- 
gin soils.* 


Assimilation of Elementary Nitrogen by Legumes.—The fact 
that certain kinds of plants can utilize atmospheric nitrogen was 
not discovered until about 1882. At that time Hellriegel* demon- 
strated this fact by experiments described briefly as follows: 

Lupine seed were planted in pots of soil which had been heated 
sufficiently to destroy all forms of life in it, and which had been 
subjected to analysis so that the exact amount of nitrogen present 
in the quantity of soil taken was known. All the pots were pro- 
tected from bacteria and watered with sterilized water. To one 
series of pots, there was added a small amount of an aqueous 
extract from a soil in which lupines had grown well. To the 

‘Colorado Bulletin, 186. 
* Report for 1907, p. 168. 


* Reed and Williams, Virginia Teck. Bulletin, 3, (1915). 
4 Exp. Sta. Record 5, p. 835. 
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other series, no addition was made. When the plants were grown, 
they were dried, and weighed. The quantity of nitrogen in the 
plants, and in the soil remaining in the pots, was determined by 
chemical analysis. -As the nitrogen originally present in soil and 
seed was known, the loss or gain of nitrogen could then be easily 
calculated. Some results are as follows: 


Soil 


No addition extract added 


Grams Grams 
Weight of crop....------22 seen es cree cece c ences 1.01 40.5 
Gain + or loss — of nitrogen .--. +----++-++++++-- —0.007 +1.05 


The experiment showed not only that the lupine could utilize 
the nitrogen of the air, but proved that the soil extract contained 
something which brought it about. Observations showed that 
the lupines assimilate nitrogen only when nodules are present on 
their roots. Examination of the nodules showed that they con- 
tained bacteria, and further experiments, similar to the one 
described above, proved that plants grown in soil inoculated with 
‘these bacteria evolved nodules and attained the power of assimi- 
lating elementary nitrogen. By experiments similar to those we 
have described, it was proved that alfalfa, vetch, clover, cow 
peas, and other leguminous plants have the power of utilizing the 
free nitrogen of the air when the proper bacteria are present ; but 
corn, wheat, oats, and most plants other than legumes, can take 
up only nitrogen in combination. 


Formation of the Tubercles— When a lupine seed is planted in 
inoculated soil free from combined nitrogen, the plant grows 
until the nutrient in the seed is consumed, then ceases to grow, 
and shows all signs of nitrogen starvation. In the meantime, 
tubercles are forming on its roots. In a few days, it begins to 
grow vigorously, and appears to possess an abundance of nitro- 
gen. The tubercles themselves pass through three stages. There 
is first vigorous growth, producing the tubercle filled with large 
numbers of small, rod-like bacteria; then the bacteria change to 
bacteroids, assuming a T or Y form; and finally the bacteroids 
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begin to disappear and after a little they are absorbed almost 
completely by the substance of the plant and the tubercles are 
left as empty pouches. The plant begins to receive benefit from 
the nodules when the bacteria assume the bacteroidal form. That 
the plant receives nitrogen from the tubercles is shown by analy- 
ses by Stoklasa’ at different stages of growth: 


Nitrogen in 

tubercles 

Lupines Per cent. 
PO WeETineesta Meu emanates cine oc ou es ved ARE 5.22 
[EMa ebb eesiCofenabbole” 5 Gd yaad ie DCO ae aaa ae aR Eels sc 2.61 
Plan’ inatinpe en citet eave eis seattle ss oo eee T73 


Fig. 51.—Branched bacteria from a clover nodule. 


The percentage of nitrogen in the tubercles becomes less as 
they grow older. 


Effect of Conditions on Tubercle Formation.—The conditions 
here discussed are: (1) nature of the bacteria; (2) effect of 
fertility of the soil; (3) effect of salts. 

Nature of Bacteria.—The more active the bacteria, the less 
quickly do they assume the bacteroidal form; the stronger the 
plant, the more easily it causes this change. A strong plant may 
indeed prevent the entrance of the bacteria into its roots and con- 
sequently no nodules will be formed. The nature of the bacteria 
seems to be modified by the host plant. That is to say, the 

1 Exp. Sta. Record 7, p. 922. 
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bacteria in the nodules of one plant may not inoculate other plants 
very well; it may produce nodules upon them, but not of such size 
or in such numbers as on its parent plant. For example, the 
alfalfa tubercle bacterium will not readily inoculate red clover at 
first, but in the course of two or three generations,,the bacterium 
may become accustomed to another plant. It is quite possible, 
however, that there are several kinds of these bacteria. 

Effect of Salts—Marchal' found that, in water culture, the 
formation of tubercles on peas was checked by solutions of the 
following strengths: Alkaline nitrates 0.05 per cent.; ammonium 
salts 0.05 per cent.; potassium salts 0.05 per cent.; sodium salts 
0.33 per cent. Calcium and magnesium salts and phosphoric acid 
favored their production. 

Effect of Fertility of Soil—As a general rule, the more nitro- 
gen can be taken from the soil by the plants, the less is taken 
from the air. Hellriegel found that the best development and 
largest number of tubercles are attained in a soil quite free from 
nitrogen, while if the soil contains very much nitrogen, the forma- 
tion of tubercles may be entirely suppressed. This is probably 
due to the fact that the plants are too vigorous to allow the 
entrance of the bacteria. The following examples are from pot 
experiments with alfalfa by Hopkins. The difference in the 
nitrogen in the crops grown in inoculated and in uninoculated 
pots is taken to represent the gain through the agency of the 
bacteria. 


Gain per acre 


: Pounds 
INiGt ad ditiomm ng tcc cette oe Oe totes a's io" ree eee Vice Ae 
AVE cig Uhan\oe oy ier Gs eat icat ocr <'< > So ea Pees Ree isi core & 33 
Whathelintevandemnttrocenh. nemo. 1 So cre eer 8 
With’ lime and phosphoric acidvie...:... . +. 6%. o he fhe oe 55 
With lime, phosphoric acid and nitrogen................ 9 
With: seme vand: potash... sates. 2-2 s,s clean anomtoe gees 38 
With limes potashsand snitroseneere. a2. oe eee mee 9 


In every case the addition of nitrogen to the soil decreases the 
amount taken from the air. It must not be understood that the 
crop decreases also. In many Cases the crop is larger, but most 
of the nitrogen in it comes from the soil instead of the air» 


1 Exp. Sta. Record 13, 1017. 
2 Bulletin 76, Illinois Sta. 
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How the Nitrogen is Assimilated.—There are three possibili- 
ties: (1) The bacteria secrete an enzyme which causes the plant 
to assimilate nitrogen through its leaves; (2) the bacteria assimi- 
late the nitrogen and are then consumed by the plant; (3) the 
bacteria assimilate nitrogen and give it off as soluble compounds, 
which are taken up by the plant. 


Fig. 52.—Nodules on the roots of the soy bean. 


The following facts are related to these theories: (1) As ob- 
served by Hellriegel, in a medium free from nitrogen the plant 
ceases to grow while the nodules are developing, then suddenly 
begins to grow vigorously as if it had a new source of nitrogen. 
(2) Young nodules contain more nitrogen than old ones. Fur- 
ther, the plant absorbs the bacteria, and they disappear. (3) 
Nobbe and Hiltner found that the stronger the plant, the greater 
the resistance it offers to inoculation, and the sooner the nodules 
are emptied. (4) Nitrogen is not assimilated when the soil 
atmosphere does not contain nitrogen. 


Exactly how the nitrogen is transferred from bacteria to plant 
is not known. 


! Whiting, Illinois Station, Bulletin 179, 1915. 
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Fig. 53.—Peas without nitrogen (KP) grow as well as with nitrogen 
(KPS) but oats do not. Wagner. 
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Inoculation of Legumes.—When a legume is planted in new 
localities, the bacteria suitable to it may not be present to aid it 
in the assimilation of nitrogen. ‘The safest plan is to inoculate 
the soil with the proper bacteria. There are two methods of 
doing this. 


Fig. 54.—Showing difference in the growth of alfalfa caused by 
inoculation with bacteria. Illinois Station. 

(1) The first method consists of inoculating with soil from a 
field where the plants have been growing well. ‘This is the surest 
method, but open to some objections. Freight charges on the 
soil may be expensive; the soil may be difficult to secure; injur- 
ious insects or diseases or weeds are likely to be brought into the 
soil. 

(2) The second method! consists in inoculating the soil or seed 
with a pure culture of the necessary organisms. ‘This method 
was patented in Germany in 1880, but did not prove a commercial 
success. ‘The method has been modified, and cultures are now 
upon the market. Pure cultures of the symbiotic bacteria may 


1 Progress in Legume Inoculation, Farmers’ Bulletin 315, U. S. D. A. 
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easily be prepared by inoculating a suitable sterilized culture 
medium with the bacteria. ‘The bacteria are sent in a sealed bottle ; 
the culture may be mixed directly with the seed or soil, or 
before inoculating the seed or soil their number is increased by 
allowing them to multiply in a large quantity of water provided 
with necessary salts and sugar. The seed are then soaked in this 
liquid, dried, and planted, or the liquid is mixed with soil and 
the soil distributed and plowed under. 

The necessary bacteria are so generally distributed that it is 
often unnecessary to inoculate the soil. They grow not only upon 
cultivated plants, but also on many varieties of wild plants. 

Changes of Organic Matter—The organic matter in the soil 
consists of the unchanged residues of plants and animals, and the 
products formed from them by bacteria and other forms of life. 
Decay takes place in two directions, according to the presence of 
an abundance or a deficiency of air. 

In the presence of an abundance of air, decay is oxidation; the 
final products are water, carbon dioxide, ammonia, and nitrates, 
while the mineral material is left in forms which can be assimi- 
lated. by plants. ia 

In the presence of little or no air, decay is a reducing process, 
oxygen is taken away from nitrates, or the higher oxides of man- 
ganese or iron. Gaseous products, such as carbon dioxide, marsh 
gas, hydrogen, and free nitrogen, are produced in comparatively 
small quantities and slowly. The organic material is converted 
into highly resistant bodies which hold their mineral content in 
forms not assimilable by plants. The vegetable matter is con- 
verted into brown substances, partly soluble in water and impart- 
ing a brown color to it. The compounds produced are acid sub- 
stances, somewhat antiseptic in nature and retard the decay of the 
vegetable matter. ‘The oxygen required for the production of 
carbon dioxide comes partly from easily reducible substances 
containing it, partly from the substance itself. In consequence 
of this loss of oxygen, the substance becomes richer in carbon. 
The following analyses! of three samples of peat of different ages 
show this enrichment in carbon: 


1 Detmer, Landw. Versuchs-stat., 1871. 
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PERCENTAGE COMPOSITION OF ASH-FREE PEAT OF DIFFERENT AGES. 


Brown peat Black peat Black peat 
from surface | at 85inches /from17oinches 


(hid byey@etods nacho wranns CobompeaBog Seuss 62.02 64.07 
Hydrogen. orem pelea sles 210 2) 8 =,s\00e'> 5-43 5-21 5.01 
OXY GEN" 2 jee toes wees ese 50 36.02 30.67 26.87 
Nitrogen oe RR at asea a sie ete 0.80 2.10 4.05 
PACH cil concpate stern aiisierons Sete xara SGP B72 7.42 9.16 


The older the peat, the richer it is in carbon and also in 
nitrogen. 


Conditions of Decomposition of Organic Material Various 
experiments have been made to study decomposition of the or- 
ganic matter of the soil. Many experiments have been carried 
out by Wollny? with the following method: A mixture of sand 
or earth and the organic material was placed in U tubes, mois- 
tened with water, and kept in a constant temperature bath. The 
carbon dioxide formed was drawn out every 24 hours and col- 
lected in a solution of barium hydroxide of known strength. The 
unused barium hydrate was treated with standard acid, and the 
quantity of ‘carbon dioxide evolved calculated. Other experi- 
ments? have been made in which the soil was placed in a jar, set 
in a vessel through which air could be drawn. 

The following are some of the results of these experiments : 

(1) Effect of Ratio of Organic Matter to Soil.—Varying quan- 
tities of powdered horse dung were added to the same quantity of 
sand, other conditions remaining the same. ‘The oxidation was 
decreased when the carbon dioxide formed exceeded certain 
limits, and was less rapid, the greater the proportion of organic 
‘substance. 

(2) Effect of Fineness of Division —These experiments were 
made with peat and with pea straw of different degrees of fine- 
ness. ‘The finer the more difficultly decomposed substance, the 
‘more rapidly it oxidized. Easily decomposed substances, pea 
straw, for example, did not oxidize more rapidly when finely 


divided. 


1 Die Zersetzung d. Organischen Stoffe. 
2 Fraps, Texas Station Bulletin, 181. 


230 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


(3) The Stage of Decomposition of the Material.—The more 
decomposed the substance, the less rapidly it is oxidized. ‘The 
following figures are some results of Wollny: 

Volume of 
carbon dioxide 


per 100 volumes of 
soil atmosphere 


Cattle smanure-freshiee nen. ss: oe eee 13.43 
Cattle manure. 8S weeksmoltmrert.t..........ceenten meee 11.71 
Cattlesmantre* 20" weeksaaglmeert..........5..eeeemene 8.25 
Peat) so—s8hinches Hd cep weereerie 2). s,s. 2c aoe eRe 2.93 
Peat’ 0-19. 1nches: deenpepeerien occ... ae ee eee 2.72 
Peat: 10-31 inches sdeepemeeeienc:. sot. soo oes 2.55 
Pedtesi—einnches nd cepreememene «5 «2 be use a ee 2.39 
Peat) 43=55;onches;.deenpemermie. sj. occ crass. eee ee 2.26 


It is natural to expect the more easily oxidized material to dis- 
appear rapidly, and the more resistant materials at a slower rate. 

(4) Chemical Composition.—Leguminous straws, on account 
of the presence of more proteids, are oxidized more rapidly than 
cereal straws. Waxy material hinders the decomposition of turf; 
when it is removed by extraction with ether or alcohol, the ex- 
tracted turf is much more rapidly oxidized than the unextracted. 
Tannic acid decreases oxidation ; rye straw, corn fodder, and soja 
bean leaves soaked in tannic acid were oxidized less rapidly than 
the untreated substance. The addition of plant food may accel- 
erate the oxidation. 

(5) Animal residues oxidize more rapidly than vegetable resi- 
dues. Green materials oxidize more rapidly than the same ma- 
terial dried and moistened. 

(6) The oxidation decreases with the supply of oxygen, though 
not proportional to the supply; when the supply decreases beyond 
certain limits, the oxidation drops rapidly. 

(7) Temperature.—The relative effects of different tempera- 
tures is shown by the following experiment on a compost mix- 
ture: 


Temperature Relative amount 
Degrees C. of carbon dioxide 
DO Dic crestvaarast eM Je Nest Se Ok RMA st oY "cw, aveieate Eee 28 
ACME SRE SoG RACE AiO Ceo 00.08 SEE estonia c 15.5 
Oe has Gioia SE MIE See peiechS O.0.c' 0-0 ica ANE sis SiRIO eckots 36.2 
MOS sie Ee orca cere ae wie eR Ne = «occ ea ane bee pena 42.6 
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(8) Moisture——The oxidation goes on most rapidly at a cer- 
tain moisture content, which varies with the soil. Increase or 
decrease of moisture causes decreased oxidation. 

(9) Character of Soil.—The character of the soil has a great 
effect upon the changes of organic matter. The various factors 
which affect the decomposition may support or counteract one 
another, and the effect is due to the predominating quantitative 
relations. The easy permeability and more rapid warming up of 
quartz sand are favorable to the decomposition of organic matter, 
while its low water capacity is a retarding factor. Hence the 
supply of moisture is the controlling factor in organic decomposi- 
tion in a sandy soil. In humid regions, the decomposition may 
proceed so rapidly in such a soil that organic matter does not 
accumulate to any extent. In a dry climate, decomposition pro- 
ceeds more slowly than where sufficient moisture is present, but 
more rapidly in a sand than in other kinds of soil. 

Clay soils retain plenty of water, but there is a deficiency of air, 
and these soils are essentially cold. ‘The decomposition of or- 
ganic matter in clays is thus determined by the temperature and 
permeability to air, and proceeds slowly under ordinary condi- 
tions. In humid regions, compact clays may exclude the air to 
such an extent that putrefaction predominates. Heavy rains may 
discontinue oxidation in clay soils, and bring about deoxidation 
processes, among them denitrification. 

(10) Vegetation —Oxidation of organic matter appears to go 
on much more rapidly in a bare soil than in a soil covered with 
vegetation. A straw mulch decreases oxidation, but not as much 
‘as a covering of vegetation. The following results of Wollny 
illustrate this point: 


AVERAGE OF I9 SUMMER WEEKS. 


Volume of 
carbon dioxide 
= in 1,000 volumes air 


Winder ons tee SUNS Caras ous o scavedee ee eek a. Art 
Windlerwsticwe aah cee ee. sss) « . bcastemeM esos Shue 2 
ESET Guns Olumenra tetas Chines cle Ais 2505/55: 54's, ae ee 9.4 


The thicker the plants, the greater their effect in reducing oxi- 
dation. The following experiment of Wollny show this fact: 
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Volume of 
carbon dioxide , 
Number of plants in 1,000 volumes air 
SuOats. to’ OU vm Cher repent. ates oo aroiabohee ante pene reons 5.0 
6 oats. ‘ta. O°te mmebeip eee las... . ccs ee 3.4 
T2:'Oats, tO YOsE SIMCPCII sew eure ee oes nslics s,s tots) cocoa ee ae ead 2.3 
24 Oats) COON MICtCr Air peemeaeeey es 5) 2-5 +1) 3 nes sete ere 1.9 


The difference appears to be largely due to the drying out of 
the soil by the plants. | 

A covering of vegetation thus conserves the organic matter of 
the soil; cultivation and bare fallow decrease it. 

(11) Soil Organic Matter..—Other experiments have shown 
that there are some differences in soils in their power to support 
the oxidizing organisms, but greater difference in the capacity 
of the organic matter of the soil to be oxidized. 

Value of Humus.—The chief chemical action of humus results 
from its solvent action, and the solvent action of the carbon 
dioxide which it produces in its decomposition. Water contain- 
ing carbon dioxide has a much greater solvent power on minerals 
than pure water. ‘This is illustrated by the following experi- 
ments of Dietrich. 


MINERAL MATERIAL DISSOLVED BY SOLVENTS. 


+ 4s Water con- 

Disnied taining carbon 
s dioxide 

Gram Gram - 
We OAM SOM she ciet, iors cahoos eeleomei thers At here ie te ass 0.039 0.072 
BAS AUD sic aye terstat Sierae eas. one oh eie ns cits ele tofu Sim ePmetenels eters 0.016 0.298 
Phosphorite ain ate 1a ae, anvatieits eile tereresrevsvny omet elie TOM ATER Re ReL Iso. <> » 0.032 0.072 
G@iteiss*soillepscecee ee eee Sresastal ao tenant Meter ars ei 0.067 0.340 


The addition of humus (turf) to the soil increases its water 
capacity. 


Water capacity 
in volume per cent. 


Djoeirinys Steiger tae: at tg aie sick A oes cas tat see ee eae 34.4 
Loam:34; and \epat 3425.4 2a eects oooh ted 39.0 
OFS MPM eee, WM cae Rie gtien (3. oso sf ood Rm eee «la mle 7, 
Sand 3and! peat: 54,6) Ae ie eee oct ick. c hee eeae ee 22.9 


Except with soils very rich in humus, the greatest production 
will be secured only by extensive use of manures rich in organic 


1 Texas Bulletin, r8r. 
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matter, or other measures suitable to enrich the soil in humus 
materials. 


Action of Antiseptics and Heat on Bacterial Change.—Carbon 
bisulphide,? toluene,” benzene and other volatile antiseptics applied 
to the soil during the growing season may destroy or injure the 
crop, but if it is applied some time before planting, it increases 
the fertility of the soil to a decided extent. Its action appears 
dué to its effect on the soil bacteria. In an ordinary soil, the bac- 
teria have reached a condition of equilibrium. Antiseptics de- 
stroy protozoa® and nitrifying bacteria and injure other bacteria, 
and diminishes the production of active nitrogen. In time, new 
bacteria develop, but along different lines, and there occurs both 
an enormous increase in number of bacteria, and an abnormal 
predominance of certain species. ‘The bacteria which produce 
ammonia are more energetic, and the fixation of nitrogen also 
takes place to.a greater extent than usual. The nitrogen is at 
first locked up in the bacterial bodies, and so is useless to the 
plants, but it becomes active when they decay. There is first a 
_decrease in ammonia production, followed by a great increase. 
Hence the action of the antiseptic is depressing if applied to a 
growing crop, but they act like a nitrogenous fertilizer to a suc- 
ceeding crop. After a longer or shorter time, the soil is more 
exhausted than it was at first. This is probably due not only to 
the rapid transformation of the more easily decomposed organic 
nitrogen of the soil into active nitrogen, but also to the abnormal 
mixture of soil bacteria due to the changed conditions. Heating 
the soil has similar effects to volatile antiseptics. "The heat, how- 
ever, itself changes the chemical composition of the soil, render- 
ing both organic and inorganic material more soluble in water, 
and the soil more acid. Decomposition products of protein are 
produced and also some substances harmful to plants in water 
culture. Caustic lime in large quantities also kills protozoa and 


1 Russell, Soil Conditions and Plant Growth, p. 114. 
2 Bouddin, Jour. Agr. Sci. 1914, p. 17. 

3 Russell Jour. Agr. Science 3, p. III. 

* Schreiner and Lathrop, Bulletin 89, Bureau of Soils. 
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many bacteria and acts in a similar way to antiseptics, being in- 
jurious at first. 

Effect of Additions on Bacterial Changes.—Fertilizers, lime,” 
stable manure, and other additions to the soil affect the bacteria 
of the soil. In some soils, on fertilization with sodium nitrate, 
bacteria develop, which change nitrates into ammonia and pro- 
tein, and which may affect decidedly the utilization of the nitrogen 
by plants. 

Azotobacteria appear to be dependent on the presence of lime 
and magnesium carbonates ; so much so that it has been suggested 
that this dependence may be utilized for the detection of the need 
of soils for lime. Liming the soil when needed may thus increase 
the growth of nitrogen-fixing bacteria. 

Active plant food may also affect the bacterial relations. Some 
bacteria have greater power for securing their mineral nutrients 
than others. Additions of plant food to the soil may increase 
the number and activity of certain kinds of bacteria. Soils de- 
ficient in active plant food may also be low in bacterial life. 

Weeds may have an effect upon the bacterial relations of the 
soil. Cuizeit, by estimating the nitrifying power of soils seeded 
to oats alone, and to wild mustard, found that the mustard de- 
creased the nitrifying power of the soil, and the differences per- 
sisted the following year. He concluded that the unfavorable 
effect of weeds, such as wild mustard, was due not only to unfav- 
orable effects on general conditions of growth, but also to their 
unfavorable effects on the bacterial content of the soil. 

Fixation of Phosphoric Acid and Potash by the Soil—When a 
solution of potassium chloride is brought in contact with a soil, 
and afterwards subjected to analysis, it is found that a portion 
of the potash has disappeared from solution. ‘This phenomenon 
is called absorption, or fixation. Phosphoric acid, organic matter, 
and other bodies, likewise disappear from solution. 

Fixation may be studied by bringing a weighed quantity of soil 
in contact with a definite quantity of a solution of known com- 
position, for a definite time, shaking from time to time and then 


1 Hutchinson, Jour. Agr. Sci., 1913, 320. 
2 Brown, Iowa Research Bulletin No. 2. 
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withdrawing a portion of the solution for analysis. By keeping 
all conditions constant except the one to be studied, we may 
determine the effect of (a) the nature of the soil, (b) the ratio 
of soil to solution, (c) the concentration of the solution, (d) the 
time, (€) the temperature, and (f/f) the nature of the salt used. 
These are the principal factors which affect fixation. 

Another way’ of studying fixation is to allow a solution of de- 
finite composition to percolate through a column of soil, but this 
method is open to the objection that the solution afforded to dif- 
ferent layers of the soil is of different composition, since it be- 
comes progressively weaker as it percolates into the soil. This 
method is in principle the same as mechanical washing devices, 
in which fresh water flows in where the clean material comes out, 
and the dirty material enters where the dirty water flows out. 


Factors of Fixation.—The important factors governing fixation 
are as follows: 

(1) The Character of the Salt.—Potash, phosphoric acid, am- 
monia, lime, magnesia, and soda are fixed by the soil. Chlorine, 
nitric acid, and sulphates are not fixed from strong solutions; but 
from very weak solutions it appears that some fixation may take 
place. 

That is to say, if potassium chloride, nitrate, or sulphate in 
solution are brought in contact with a soil, a portion of the potash 
disappears, but the amount of chlorine, nitrate, or sulphate in the 
solution remains nearly as it was before. The potash is replaced 
by an equivalent amount of lime, soda, and magnesia. 

Different percentages are absorbed when potash, phosphoric 
acid, etc., are brought in contact with the same soil in equivalent 
proportions, that is, in the proportion of their combining weights, 
such as 94 parts of potash to 59 parts soda and so on: 

epee Na One cca: Me Oae: cana 
94 59 56 40 34 

The percentages absorbed are not always in the same order for 
different soils. We give, in the following table, some results 
secured with 100 grams soil in contact three days with 250 cc. 


1 Schreiner and Failyer, Bulletin No. 32, Bureau of Soils. 
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solution containing 0.07 gram calcium sulphate, and equivalent 
quantities of the other salts: 


Percentage absorbed! 


NIEs frOmy.ammoniumiesmi mates as... . one eeneraeiae 60 
K;0! from potassium swlpiiateme....i> i <> “weerceieeeane 55 
Na:O' front sodiumy, subpitaremeen ae cc: . sea cee eee 19 
MeO from magnesium sulphate: .....:.:......5..50-4- 46 
CaO. dromicalciumesulphatemereties, oa. 6a ee aes 26 
P.Oc roms Sodium) phospiceete fie xo hove pao 17 
SQO:#tromsodiumesulphatemmeree.: | os lus. oe ee: oO 
@litrom)soditumichlonidesmeet Wy... nee eee fe) 


All soils appear to absorb phosphoric acid, potash, and am- 
monia; but lime, magnesia, etc., are not always absorbed. For 
instance, Biedermann? found that two out of nine soils absorbed 
lime, six absorbed magnesia, one absorbed sulphuric acid, and all 
absorbed phosphoric acid and potash. 


The form of combination has also some effect upon the amount , 
of absorption. For example, if we compare different salts of 
potash, such as the chloride, nitrate, and sulphate, we find differ- 
ent amounts of potash absorbed. 


Percentage 

KO absorbed 
Potasstuin phosphate :..ic2se eros oR ee ek 57 
Potassitim carbonates seer eee n te mosis nisl ene arse 65 
Potassium chloride’ ..2n'<4\ A eam ie eos kee co ee 57 
Botassium: sulphate. scence eee erat etch is oie Sean: o eters 55 
otasstumnitrate = saiiye. cen ee PRM 6 «a aco sae eyerviae 51 


(2) The Nature of the Soil_—Sands, as a rule, have low ab- 
sorptive powers; loams and clays, much higher. The absorptive 
power of the same soil depends upon the substance used to meas- 
ure it. For example, it is different for potash and for phosphoric 
acid. 

In the following table, the absorptive power is measured by the 
percentage of ammonia absorbed by 50 grams soil from a solu- 
tion of I gram ammonium chloride in 208 cc. water. 


1 Bretschneider, Jahresber, f. Agr. Chem., 1868, p. 17. 
» Tahresber, f. Agr. Chem., 1867, p. 77. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 237 


Soil Absorptive power! 


VINGEEGItsIIA ID CNUs eee. sel. REPKE ie rio 4.0 
‘RAT DOLOMS EUG METIS PAN eet elie dizi co Co ee 9.8 
Nortollcstimemsenidye Oats... ss. ses a ss eee 10.7 
TD Tia tratmes GOA eee Mees. as 0's ie a « Seah 17.5 
PoOntensmned@ecmareetnteare enracs  ky S e 17.8 
Cecile ela ymneete tt nee ae ee awe ed. aa eee 18.7 
Porterspolacimoanmenemereie sss. 6h... Oe LU ikl eta 27.5 


The black loam in question appeared to be rich in organic mat- 
ter. With 100 grams soil to 100 cc. solution containing 0.4283 
gram potash or 0.3032 gram phosphoric acid, respectively, Bieder- 
mann observed a variation in absorptive power from 6.0 to 58.7 
per cent. for potash, and 3.1 to 82.2 for phosphoric acid in 22 
soils. 


(3) The Concentration of the Solution li the ratio of soil to 
solution is kept constant, the stronger the solution of salt used, 
the greater the total amount absorbed, but at the same time the 
percentage is less. That is, the amount absorbed does not in- 
crease to the same extent as the concentration of the solution. 
The following table illustrates this point: 


ABSORPTION? OF POTASH FROM POTASSIUM SULPHATE. 


Strength of solution | Grams absorbed Per cent. 

(Grams per liter) (250 cc.) absorbed 
Oi igolss tone, Bab coe hes modhumcnounoponoaaee 0.0609 54.5 
0.9420 sere cree cece eeeee Baedohienel ete) eiayisvayels ‘e's 0.0977 43-5 
Tieisild) Goon ap aooGbony sanganba dudeuouons Oc 0.1496 33.5 
Hike) Soocsa Bee caus cs DyooOeoaooCoomnee 0.2360 3) i 
O14 200-22 n ene cece e ecw cs cote ew eneences 0.3503 m7 


(4) Effect of Temperature—tncrease of temperature some- 
times increases absorption of potash, but it always increases that 
of phosphoric acid, according to Biedermann. In the experiment 
50 grams soil was used and 100 cc. solution containing 0.3032 
gram P,O,. 


' Withers and Fraps, North Carolina Report, 1902-3. 
* Bretschneider, Jahresber, f. Agr. Chem., 1865, p. 19. 
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Amount phosphoric acid absorbed 
Soil No. 1 Soil No. 2 
Ordinary low temperature -............... 0.0065 0.1071 
Ordinary higher temperature............. 0.0941 0.1131 
Boiling % HOurs esc ache = ere ems eet Ie el 0.1768 0.2694 
5 hak CRN reoriote Mima rer ast 2S. Sede 0.1389 0.2405 


Seven additional soils gave similar results. 

(5) Ratio of Soil to Solution—Keeping the strength of solu- 
tion constant, and increasing the weight of soil brought in con- 
tact with it increases the total absorption, while the absorption 
per I gram soil decreases. 

(6) Time of Contact——Peters! studied the time of contact, 
using 100 grams soil to 250 cc. of solution containing 0.5889 
gram potash: 


Time Amount absorbed gram 
B/-MA SXOLE aiyl atiei cee EGIL ort) co. ce o-0-5 OO OOS eater eneaniens 0.1417 

DB HOULS coh he sees ti RET ene voice vases ocho Faw 0.1571 

A StS Ge cio ears ae RESTS) 50.2 oahu 0.1690 
SUIROUETS ene oe cick aaa ce Shee TEE Ss’. bs 2 cca cise 0.1860 
DAE TOUTS were cele Sie a ee ERE iee LO Sialic sai bea 0.1990 
TA) AVS Aik Neto es i EE CEL: oo, haee So tae ba 0.2037 


Absorption of potash takes place rapidly, and is practically 
complete in 24 hours. Similar experiments have shown that 
phosphoric acid is absorbed more slowly. 


Solubility of Absorbed Material Absorbed material has a low 
solubility in water. Peters? estimated it as follows: 100 grams 
earth was brought in contact with 250 cc. water containing 0.5888 
gram K,O and after 24 hours 125 cc. was drawn off and replaced 
with water. This process was repeated every 24 hours for 9 
days, and each extract was subjected to analysis. The absorbed 
potash is more soluble in water than the soil potash, but not very 
soluble—about 1 part in 28,000 parts water under the conditions 
of the experiment. 


1 Jahresber, f. Agr. Chem., 1860-1, p. 7. 
? Jahresber, f. Agr. Chem., 1860-1, p. II. 
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Water containing carbon dioxide dissolved in 8 days about one- 
third of the absorbed potash; acetic acid, (1:3), dissolved about 
two-fifths; and hot hydrochloric acid (1:3 parts water) dis- 
solved all the absorbed potash. 

Biological Absorption—According to Stocklasa*, unsterilized 
soils absorb more phosphoric acid, potash, ammonia, or nitrates, 
than sterilized soils. Inoculation of a sterilized soil increased 
absorption. The soils were in contact with dilute solutions 23 
days or longer. He calls the difference biological absorption. 
The biological absorption was greater for acid and less fertile 
soils than for alkaline and fertile soils. 

Replacement of Absorbed Material—If a soil is allowed to 
absorb one base, and is then subjected to the action of a second 
solution, a portion of the absorbed base will be replaced by the 
second base. Other bases in the soil will also enter into solution. 

For example, suppose a soil has absorbed potash from potas- 
sium chloride. If it be treated with a solution of sodium 
chloride, some of the soda will be absorbed, and a portion of the 
absorbed potash, and also some lime and magnesia will enter into 
solution. Sodium nitrate, ammonium chloride, calcium chloride, 
calcium sulphate, magnesium chloride, and other salts have a 
similar action. 

The amount of potash displaced would depend upon the quan- 
tity present, and the nature and concentration of the salt solu- 
tion. 

Importance of Fixation—Absorption tends to preserve the 
potash, phosphoric acid, and ammonia of the soil from being 
washed out. Soda, lime, and magnesia, for which the soil has 
less attraction, are more easily washed out. The relative propor- 
tion of loss, will, however, depend upon the amounts of these 
bases present in the soil or rendered soluble. As we have seen 
in the preceding section, soluble salts of lime, magnesia, or soda 
‘decrease the absorption of potash or replace absorbed potash. 

Absorption tends also to prevent loss of the soluble plant food 
placed in the soil in the form of fertilizers; for nitrates, however, 
the soil appears to possess little absorptive power. 

1 Chem. Ztg. 1911, p. 425. 
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The practical importance of absorption lies chiefly in con- 
nection with the application of soluble plant food. It is im- 
portant to know whether soluble plant food applied to the soil will 
be washed out and lost. Nitrates are slightly absorbed. Potash, 
phosphoric acid, and ammonia, as we have seen, are fixed by the 
soil, and as the solution percolates through the soil, coming in 
contact with fresh masses, the larger part of the soluble material 
is removed. ‘Thus, even with a soil of low absorptive power, on 
account of the great mass of soil which enters into consideration, 
almost all the material is absorbed. 

With a soil of good absorptive power, phosphoric acid is mainly 
retained by the uppermost layers, the first 9 inches; with potash, 
although the uppermost 9 inches contains chiefly the greater por- 
tion of the unused fertilizer, a considerable amount penetrates to 
and is retained by the second and third g inches. 

The absorptive power of soils also enters into consideration 
when the land is to be irrigated, in which case it is desirable to 
know whether any of the fertilizer may be washed out or carried 
to too great depth by application of the water, and how long a 
time should elapse before irrigation will cause a loss of plant food. 


Some sandy soils have little absorptive power, and no doubt 
losses of plant food occur where heavy rains fall shortly after 
applications of potash and soluble phosphates. 


Cause of Absorption.—The causes of absorption are different 
for the basic radicles, potash, soda, lime, magnesia, etc., and for 
the acid radicle, phosphoric acid. It is accordingly necessary to 
consider these two separately. 

In offering an explanation for the absorption of bases, we must 
consider the following facts: 


(1) The amount of absorption is often related to the quantity 
of silicates in the soil decomposed by hydrochloric acid. 

(2) When a base is absorbed, it is replaced by equivalent 
quantities of other bases. Treat a soil with sodium chloride, for 
example, and the absorbed sodium will be replaced largely by 
lime, magnesia, soda, and potash. 

(3) When a soil is treated with an acid, it loses its absorptive 
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power almost entirely, but the addition of calcium carbonate 
restores it in great part. 

(4) Hydrated oxides of iron, and aluminum, hydrated alum- 
inum silicate, and sand have slight absorptive powers, but not 
sufficient to account for the absorptive power of soils containing 
them. Humus has a comparatively high absorptive power, but 
the small quantity in most soils will not account for the results. 

The conclusion is reached that the absorptive power of soils 
for bases is due to the presence of silicates which react with the 
substance which it will absorb. The reaction is reversible. The 
lime, soda, magnesia, and potash of simple or complex silicates 
enters into reaction with the substance absorbed by the soil, until 
equilibrium is reached between the solution and the reactive soil 
particles. We can hardly expect the law of mass action to be 
followed, for the reason that the absorbing silicates are probably 
mixtures with different reactivity. 

Attempts have been made to explain absorption as physical ad- 
hesion to the soil particles. While a portion of the absorbed sub- 
stance may be held in this way in soils composed of fine particles, 
this theory does not account for the replacement of the absorbed 
base by other bases, or for the varying absorptive power of differ- 
ent soils of the same physical composition, or for the loss of the 
absorptive power of a soil by treatment with an acid, and partial 
restoration of it by addition of calcium carbonate. 

Absorption of Phosphoric Acid.—When a phosphate is brought 
in contact with a soil, both base and acid will disappear partly 
from solution. The base follows the laws of absorption as out- 
lined above. ‘The phosphoric acid follows about the same laws, 
but the cause of the absorption is different, and is due to reaction 
with basic substances, such as hydrated oxides of iron and alum- 
inium, and carbonate of lime, with production of the much less 
soluble phosphates of calcium, aluminium, and iron. It is also 
possible that the phosphates have power. to decompose some of 
the weak silicates. Phosphates are absorbed more slowly than 
bases. 

Changes of Phosphoric Acid in the Soil—Calcium phosphate, 
in the presence of aluminium and iron hydroxides, has a tendency 

16 
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to change into phosphates of these bases, which are much less 
available to plants. The calcium phosphate dissolves, and the 
solution reacts with the hydroxides in question, forming phos- 
phates which are much less soluble. The presence of calcium 
carbonate will hinder the reaction, since it also will react with the 
phosphoric acid in solution. 

PxospHoric Acip DissoLven.* 


(1 gram substance to 400 cc. water.) 
Parts per million 


From<calcium, phospltatemmemine.:.. — »..'. ...ccegs aweeiae 43 
From ferric, plosphatemmeemes........ so... Jonna eee 42 
Krom basic terncipnospaatemos.: . ..... anes torte: 33 
Kromoaluminitim: phossaatemer........ ... psd ade een 58 
From basic aluminium@puosphate... 2... .. ..cwetemas aoe 4 : 


Decaying organic matter, by reducing ferric to ferrous phos- 
phate, and perhaps by combination with the phosphoric acid, tends 
to render phosphoric acid available. 

The slow process of weathering breaks up the complex silicates 
of the soil grains and releases the compounds of phosphoric acid 
therein. At the Rothamsted Experiment Station, where wheat 
has been grown with various fertilizers since 1852, the amount of 
phosphoric acid soluble in citric acid was as follows, on plots 
that did, and did not, receive phosphoric acid. 


Pounds per acre 
Application 


1865 1881 1893 
NOH SAMlb Ses oboasondopsomoadd Sota ooHs oeU CO 244 192 202 
Phosphates ar a.aet a! cout, atat salarae Wea as 0y Ors! ay eRe we) 8 Sec eeMtOMED ETS. 672 853 1,050 


The first plot produced on an average 1234 bushels wheat con- 
tinuously, but the weathering was sufficient to maintain nearly 
constant the quantity of phosphoric acid soluble in citric acid. In 
the other case (producing 24 bushels wheat) the addition of 
fertilizers made a considerable increase in the soluble phosphates 
present. The weathering of the minerals constantly releases the 
phosphoric acid inclosed therein. In the presence of decompos- 


1 Bureau of Soils, Bulletin 42. 
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able compounds of iron, and aluminium, there is a constant ten- 
dency for the phosphoric acid to change to less soluble forms. 
Calcium phosphate is dissolved by the soil water, brought in con- 
tact with iron and aluminium oxides and unites with these to form 
phosphates. If calcium carbonate is also present, the distribution 
of the phosphoric acid will be modified by the quantitative relation 
between the fixing materials, and the change to iron and alumin- 
ium phosphates may be reduced or even reversed. 

On the other hand, decaying vegetable matter may reduce 
ferric to ferrous phosphates, with the production of more soluble 
bodies. 


CHARTER XIT. 


SOIL DEFICIENCIES. 


Any condition or defect of the soil which tends to prevent the 
maximum production of crops, or to render it unsuitable for cul- 
tivation, may be termed a soil deficiency. Soil deficiencies may 
be physical or chemical. 

Physical Deficiencies.—These are mentioned here merely for 
the sake of completeness. As regards physical deficiencies, a soil 
may be too porous or too stiff, too wet or too dry, too cold or too 
shallow. 


a 


wr mee a. salina a nn 
2 iT Nai reerere 
WTAE ARES Sait sth si fi ie f 


Fig. 55.—Experimental plots, Gottingen, Germany, 
Agricultural Institute. 


Cold soils, which are usually wet, when drained become warmer. 
The depth of shallow soils may be increased by plowing a little 
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deeper every year or by subsoiling. Both porous and stiff soils 
are bénefitted by organic matter, which makes the former less 
porous and the latter less stiff. Lime may improve stiff soils by 
making them more pulverulent. Wet soils are improved by under- 
drainage. Dry soils may be aided by frequent stirring to prevent 
evaporation of water from them, or by irrigation. Hard pan may 
sometimes be removed or prevented from forming, by proper 
plowing, or subsoiling. In some cases it is profitable to use ex- 
plosives to remove it. 


Chemical Deficiencies —The chief chemical deficiencies of soils 
are acidity, alkali (excess of soluble salts), deficiency in organic 
matter, deficiency in lime, and in available plant foods, phosphoric 
acid, potash, or nitrogen. ‘These deficiencies have been discov- 
ered by means of field experiments, aided by other methods of 
experiment. 


Recognition of Chemical Deficiencies — There are three general 
methods of ascertaining the probable chemical deficiencies of 
soils : 

(1) Field experiments. 
(2) Pot experiments. 
(3) Chemical analysis. 

Field Experiments.—All soil theories must eventually be tested 
in the field. Field experiments are, therefore, fundamental, and 
information secured by other methods must eventually be brought 
back to the field, and stand the test of actual crop production 
upon the soil. The more removed from field conditions the work 
of the investigator, the more careful he should be to bring his 
results into relation with actual crop production. Unless tested 
in this manner, theories may be developed which are entirely too 
far removed from agricultural conditions. 

Methods of making field experiments with fertilizers are out- 
lined in Chapter XVI. Similar methods are used in other experi- 
ments, arranged according to the information desired. 

Field experiments are subject to vicissitudes of weather, insect 
pests, variations in soil, etc., and hence must usually be carried on 
for several years, or else on an extensive scale. Unexpected 
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variations are liable to occur, and this fact must be allowed for in 
all consideration of the data. 


Pot Experiments.—In pot experiments,’ plants are grown in 
the soil to be tested, various additions being made to the soil 
according to the information desired. The soil can be mixed until 


Fig. 56.—Pot experiments. New Jersey Station. 


Fig. 57.—Protection of pot experiments from inclement weather. 
New Jersey Station. 


uniform, and the pot supplied with a favorable amount of water, 

kept at a favorable temperature, and the crops protected from 

damage by insects, birds, or storms. The conditions can be more 
1“ Exp. Sta. Record, 7, p-.77;.5) P-.049- 
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easily controlled than field conditions, and certain problems can 
be much more easily studied. Conditions are relatively more 
favorable than in the field, and the relation between the pot ex- 
periments and field results, must be traced out. 

The pots used vary much in size, shape, and material. They 
may be made of glass, galvanized iron, enameled iron, or earth- 
enware, and may vary in size from a few inches in diameter to 
those which cannot well be handled and are imbedded in the 


Fig. 58.—Pot experiments. New Jersey Station. 


ground. Galvanized iron is open to the objection that the zinc 
may corrode and form poisonous compounds. An ordinary form 
of pot consists of a cylindrical vessel about 8 inches in diameter 
and 8 inches deep. It first receives a layer of gravel, covering a 
metal or glass ventilating tube which reaches above the top of the 
pot. ‘The soil is placed on this, and receives the desired addi- 
tions. The seed planted should be of uniform size and vary in 
moderate limits in weight, such as 41 to 47 milligrams each for 


248 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


wheat grains. The seed are often germinated, and the seedlings 
planted. During the period of growth, the pots are usually 
weighed at suitable intervals, and sufficient water added to keep 
the moisture content uniform. The pots are kept in glass houses, 
in canvas houses, in wire houses, or in the open air on trucks 
which can be run into a glass house for protection against storms. 
The pots are also buried in the ground sometimes, but the water 
content of the soil is much less easily regulated under such con- 
ditions. Examples of pot experiments have been given in the 
text. 


The following is the method of procedure used at the Texas 
Experiment Station :1 

Washed gravel is added in sufficient amounts to an 8-inch 
Wagner pot to make the total weight 2 kilograms. Five kilograms 
of soil are then added. The soil is previously pulverized in a 
wooden box with a wooden mallet until it will pass a 3 millimeter 
sieve, the gravel being removed. 

The addition of fertilizer consists of 244 grams of acid phos- 
phate, and 10 cc. of solution containing I gram nitrate of soda, 
and 1 gram sulphate of potash. In later experiments 1 gram of 
ammonium nitrate was used in place of nitrate of soda. If the 
size of the crop appears to render it necessary, more nitrate of 
soda or sulphate of potash is added to the pot, the solution being 
diluted with about 200 cc. of water. 

The seed are weighed out so that each pot receives the same 
amount of seed within 0.1 of a gram. Water is added to one- 
half the saturation capacity of the soil. If this quantity is found 
to be too great, it is afterwards reduced, but this is the case in 
only a few instances. The pots are weighed, placed on scales 
three times a week, and water added to restore the loss in weight. 
If the plants need water between weighings, such quantity is 
added as appears necessary. ‘The object of the weighing is to 
maintain as closely as possible a constant amount of water in the 
soil. These pots are kept in a house with glass roof, and canvas 
sides and top, for protection against heat, storm, and insect pests. 


1 Bulletin 126. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY . 249 


Wire basket experiments! are made in baskets of wire netting, 
about 3 inches in diameter and 3 inches high filled with about 200 
grams soil, and dipped into melted paraffin. ‘The surface of the 
soil is covered with paraffined paper, excepting for an opening to 
admit the seedlings. The pots are weighed daily, and the loss 
of water restored. The plants are grown for about three weeks. 
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Fig. 59.—Construction of wire baskets. Bureau of Soils, U. S. D. A. 


Since air is excluded from the soil and since the seedlings develop 
for the most part from the material in the seed, these experiments 
are more remote from field experiments than ordinary pot experi- 
ments; still greater caution, therefore, should be exercised in 
interpreting the results. According to the work of the Rhode 
Island Station,” this method does not give the same results at 
different times, and the results do not agree with those obtained in 
field practice. 


1 Whitney, Farmers Bulletin No. 257. 
* Bulletin 131. 
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Water culture experiments have been previously described 
(Chapter IT), and are well suited to certain purposes of experi- 
ment. ‘They have been used to a certain extent for studying soil 
deficiencies, by growing the plants in an aqueous extract of the 
soil. Conditions in water culture are radically different from 
those in the soil, and still greater caution must be exercised in 
applying conclusions secured by this method of experiment to the 
soil. It is quite possible that materials will be injurious in water 
culture which are innocuous in the soil. Hence it is necessary 
to confirm conclusions drawn from experiments made in this 
way by pot and field tests. 


Chemical Analysis.—Chemical analysis can be used for the 
detection of certain soil deficiencies, such as acidity, and the quan- 
tity of alkali present. Chemical methods can also be used to 
form an opinion as to the needs of the soil for phosphoric acid, 
potash, and nitrogen, as shown in Chapter IX. Chemical analysis 
is also useful in extending the conclusions from field experiments 
and pot experiments to other soils under similar conditions. 


Acid Soils.—Acid soils contain free inorganic or organic acids 
or acid salts, which therefore give it an acid reaction. In some 
cases acidity is due to the decomposition of the remains of plants 
in the soil, forming organic acids, but it may also be due to in- 
organic acids. 

The acidity of soils is usually neutralized by lime. A soil which 
receives benefit from lime is not necessarily an acid soil, as lime 
has other effects than that of correcting acidity; it makes the 
phosphoric acid more available, liberates potash, increases nitri- 
fication, and changes the physical properties of the soil. 

Plants behave differently towards acid soils ; some receive bene- 
fit from liming, while others do not. The Rhode Island Experi- 
ment Station has conducted a large number of experiments on 
an acid soil, limed and unlimed, with the addition of acid phos- 
phate, muriate of potash and sulphate of magnesia, and nitrate of 
soda or sulphate of ammonia. These experiments, begun in 1893, 


1 See their reports and bulletins: also Veitch, Bulletin go, p. 183, Bureau 
Chemistry, U. S. Dept. Agr.; Bulletin No. 66, Maryland Exp. Sta. 
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were conducted upon permanent experiment plots of the Rhode 
Island Station. Air-slaked lime was applied in 1893 to two of 
the plots at the rate of 5,400 pounds per acre, and 1,000 pounds in 
1894, and none since. Equal quantities of potash, phosphoric 
acid, and nitrogen have been applied annually to each plot, and, 
since 1899, sulphate of magnesia. Two of the plots receive nitro- 
gen as sulphate of ammonia, and two as nitrate of soda. The 
tendency of the two plots which receive sulphate of ammonia is 


Fig. 60.—Bare spot in barley caused by acid soil. Woburn, England. 


to become acid, since removal of the nitrogen leaves sulphuric 
acid; while the latter two plots tend to become basic, since the 
residue left is soda. | 

Equal numbers of plants were set out on each plot. A great 
number of different crops have been grown at various times. A 
few results are as follows: 


Plot A Barl Oni Turni 
pee ee Treatment Gun en (pounda) (patiids) (pauses) 
23 |Sulphate of ammonia......- 0.0 OF] 0.2 2.5 
25 (|Sulphate of ammonialimed-| 3.4 6.5 41.5 3505 4 
27 + |Nitrate of soda....-. .---.- Jt 2.6 24.0 38.0 
29 ~=+| Nitrate of soda limed......- 4.7 7.5 44.3 44.0 
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The acid soils (Nos. 23 and 27) give smaller yields with these 
crops than the limed soils. The nitrate of soda plot, which, as 
stated, has a tendency to become basic on account of the basic 
residue left when the nitrogen is taken up, gives better yields than 
the ammonium sulphate plot, which has a tendency to become 
acid. 

Effect of Lime on Crops and Acid Soils.'—The following gives 
the ascertained effect of lime on various crops as found by experi- 
ments such as described above: Benefited by Lime—Alfalfa, 


Fig. 61.—Sorghum on acid soil, (A) limed and nitrate of soda, (B) unlimed 
and nitrate of soda, (C) limed and sulphate of ammonia, (D) un- 
limed and sulphate of ammonia. Rhode Island Station. 
asparagus, barley, beets, clover, celery, cauliflower, currants, 
cabbage, cucumbers, corn, lettuce, mangelwurzel, onions, okra, 
oats, peas, peanuts, pepper, parsnip, pumpkin, sorghum, salsify, 
seed fruits, stone fruits, squash, spinach, sugar beets, salt bush, 

timothy and tobacco. 


1 Wheeler, Farmers Bulletin No. 77, U.S. D. A. See also Hartwell and 
Daman, Rhode Island Bulletin 160, (1914). 
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Indifferent to Lime—Blackberries, millet, potatoes, rasp- 
berries, rye, and red top grass. 

Injured by Lime—Cranberries, cowpeas, sheep sorrel, lupine, 
serradilla, and watermelon. Liming Irish potatoes renders them 
liable to scab. 

In these experiments, it will be noted that the plants were sup- 
plied with an abundance of phosphoric acid, potash, and nitrogen. 
Such being the case, the beneficial effect of the lime could not be 
to render potash or phosphoric acid available. Other experi- 
ments showed that caustic magnesia, or sodium carbonate also 
had a good effect. These substances would also neutralize acidity. 

According to Gardner,! red clover fails in Pnnsylvania, 
where the lime requirements (Veitch method) exceed 1,500 
pounds per acre to the depth of 7 inches and grows well where 
the acidity is 500 to 1,000 pounds per acre. 


Detection of Soil Acidity—The most satisfactory method of 
ascertaining whether a soil needs lime is to determine the gain in 
crop by its application. It does not necessarily follow that a soil 
which responds to lime is acid. 

Some tests for acidity are as follows; almost every worker has 
a method and no two methods give the same results. 

1. The Litmus Test2—The soil is moistened with water and 
brought in contact with blue litmus paper. If acid, the litmus _ 
turns red. Carbonic acid also reddens litmus, but to a less degree 
than an acid soil. 

2. Ammonia Test.2—The soil is treated with ammonia water, 
and if the liquid assumes a dark brown or black appearance, the 
soil may be acid. This test applies only where the acidity is due 
in a considerable measure to acid organic substances, and may 
not apply to all sections of the country. 

3. Salt Method.A—The soil is shaken with a solution of potas- 
sium nitrate and the solution, after being boiled to remove car- 
bonic acid, titrated with caustic soda and phenolphthalein. Part 


1 Penn. Bulletin, 131. 

2 See Circular No. 71, Bureau of Plant Industry. 
% Bulletin 62, Rhode Island Exp. Sta. 

4 Proceedings Association Off. Agr. Chem., Igo2. 
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of the acidity is due to formation of aluminium and iron chlorides, 
which are decomposed in the titration. 


4. Veitch Method—tThe soil is treated with standard lime 
water, evaporated, taken up with water, and the filtrate tested 
by evaporating it nearly to dryness with a few drops of 
phenolphthalein. If the phenolphthalein indicator becomes pink, 
an excess of lime water has been used. If it does not become 
pink, the soil is still acid. A number of tests are made, so as to 
ascertain two quantities of lime water, with one of which the soil 
is acid, by the other, made alkaline. This appears to be a good 
method. 


Other Effects of Lime—We have already seen that lime is 
necessary to plant life. Cereal grasses require from about one- 
quarter to one-half as much lime as potash, while leguminous 
plants take up as much lime as potash, if not more. Lime is 
usually considered as present in abundance in the soil, but it is 
quite possible that some soils, especially sandy soils, do not supply 
a sufficient quantity of active lime for the use of certain legumin- 
ous plants. 

The following is a brief summary of the part which lime 
(chiefly in the form of carbonate) plays in the soil.* 

1. It flocculates clay particles, making the soil more crumbly 
and with better tilth, more retentive of water and more easily 
penetrated by rain. 

2. It aids growth of bacteria which convert organic nitrogen 
to nitrates, those which assimilate nitrogen and other bacteria. 

3. It neutralizes acids and maintains the soil in an alkaline 
condition, which is the condition most favorable to the majority 
of cultivated plants. 

4. It makes a soil productive which contains relatively small 
quantities of plant food. 

5. It counteracts the deleterious effect of an excess of magnesia 
in the soil. 

6. It liberates potash in the soil. 


1 Jour. Am. Chem, Soc., 1902, p. 120. 
2 See Kellner, Landw. Versuchs-stat., 1896, p. 210. 
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7. It unites with phosphoric acid, preventing it from forming 
less valuable phosphates of iron and alumina. 

8. It increases the quantity of phosphoric acid which plants 
may take from a soil low in phosphoric acid.t 

An excess of carbonate of lime may prove injurious to some 
plants, notably grape vines and citrus plants. From 8 to 20 per 
cent. of lime may have this effect. 

Carbonates of magnesia may, to a certain extent, act in the 
same way as lime. We have already seen that it is well for lime 
to have a certain ratio to magnesia. An excess of either lime or 
magnesia is not desirable. 


Fig. 62.—Distributing lime. Ohio Station. 


Lime Compounds in the Soil.—Lime is found in the soil as the 
carbonate, sulphate, “humates,’’ and various more or less complex 
silicates. Calcareous soils contain considerable amounts of car- 
bonate of lime. It is quite probable that some soils rich in humus 
contain fair amounts of calcium humates. As a rule, the lime 

1 Fraps Texas Bulletin 178. 
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is present in the form of silicates, which are more or less re- 
sistant to the action of acid and weathering agencies. 

Application of Lime.'—Lime is applied to the soil as (a) Land 
plaster or gypsum, CaSO, 2H,O which has no power to counter- 
act acidity; (b) Quicklime CaO, which is the most active form of 
lime. It is usually slaked before it is worked into the soil. It 
soon takes up carbon dioxide, and changes into the carbonate. 
It is made by heating the carbonate, and so is often called burned 
lime. (c) Ground Limestone: Ground limestone is more mild 
in its action than quicklime and can be used in larger amounts. 
The finer it is ground, the more effective it is. 

Ca@QreoecacO, : 100 
Lime Limestone 

One hundred parts of pure limestone contain 56 parts lime, 
equivalent to 56 parts of pure burned lime. (d) Oyster Shells: 
Oyster shells contain some plant food. They may be applied 
unburnt and burnt. (e) Marl contains less lime than shells. All 
forms of lime should be applied some weeks before planting. 

Quicklime is applied as a top dressing on land at the rate of 
200 to 500 pounds per acre. Excessive applications of lime are 
injurious. Ground limestone is used in larger quantity, particu- 
larly when alfalfa is to be planted. One or two tons per acre of 
ground limestone may be used every four to six years; even as 
much as 10 tons may be applied. 

Lime Liberates Potash.—Lime releases absorbed potash, mak- 
ing it more readily available to plants. Hence the lime would act 
as an indirect potassic fertilizer. Boussingault* found the follow- 
ing amounts of potash and lime removed by clover from a limed 
and an unlimed soil, in kilograms per hectare. 


Potash Lime Phosppexe 
Wrltmed itr stayeate mieten 26.7 BOND II.o 
BAM, fTSt Veabs each eecle fre sich 95.6 79.4 Pe 
Unlimed, second year ......... Frese 28.6 32.2 7.0 
Wimed, second year-\- <2. <<igc'' ariel 97.2 102.8 22.9 


1 Bulletin 159, Ohio Station; Wheeler, Farmers Bulletin, No. 77. 
> Storer, Agriculture. 
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It does not follow from the above experiment that the lime 
“released” potash. The liming made conditions more favorable 
for the clover, and a larger crop was produced, with a heavier 
draft on the soil. The availability of the plant food was not 
necessarily changed because more of it was withdrawn from the 
soil. 

It is generally claimed that lime releases potash, though the 
writer has been able to find little experimental evidence that such 
is the case under actual field conditions. Pot experiments show 
that the active potash of the soil is highly available and lime has 
practically no effect on it, while lime also affects only slightly the 
absorption of potash by plants from the soil.‘ In the section 
on absorption, evidence is given that in the laboratory, lime and 
other salts replace absorbed potash. 


Experiments with Burned Lime or Ground Limestone.—In ex- 
periments at the Pennsylvania and at the Maryland Experi- 
ment Station,? ground limestone has given better results than 
burned lime. At the Pennsylvania Station, lime was used in a 
four year rotation of corn, oats, wheat, and hay, at the rate of 
2 tons per acre of burned lime every four years or 2 tons of 
ground limestone per acre every two years. The average yield 
for twenty years is as follows: 


No lime Burned lime jee 
Cormlybuswelsiper acre cers 40.9 ‘34.9 39.9 
Oats, bushels per acre .-.....,..--. 33-9 30.9 36.7 
Wheat, bushels per acre .........-. 13.9 15.9 16.5, 
Hay, tons per acre. ----........... 1235 11.8 14.6 


The burned lime injured the corn, oats, and hay, while the 
ground limestone was of benefit to the oats, wheat, and hay. 
Analysis of the soil showed that the soil receiving burned lime 
had lost more nitrogen than the other. 

At the Maryland Experiment Station, different kinds and 
amounts of lime were applied to various plots at the beginning of 


1 Texas Bulletin, Igo. 
? Report for 1902. 
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the experiment. The results of eleven years test with 1,400 
pounds of burnt lime, or an equivalent amount of carbonate of 
lime from shell or marl, with the rotation of corn, wheat, and 
hay, are as follows: 


. : Carbonate 
No lime Burned lime of ie 
Corn, bushels per acre--..--.-..-.-. 24,5 32.0 37.0 
Wheat, bushels per acre -.--....--. 10.7 II.O 14.1 
Hay, toms per acre. ......--..- 8 0.65 0.85 1.07 


Here also the carbonate of lime gave better results than the 
quicklime. 

Toxic Substances.—It is possible that some soils may contain 
injurious substances besides alkali or acids. The theory of 
Whitney and Cameron, that plants excrete toxic substances, is 
discussed on a preceding page. 

Sulphur.—The amount of sulphur' in plants has been for a 
long time under-estimated. Recent work* has shown that many 
plant products (especially seeds) contain much more sulphur than 
was once thought. Most soils contain only small quantities of 
sulphur. It is therefore quite possible that some soils are deficient 
in sulphur. It is possible that the sulphates contained in acid 
phosphate are often directly beneficial to plants. Recent experi- 
ments® indicate that plants requiring much sulphur, such as mus- 
tard or soy beans, may receive benefit from sulphur or sulphate 
fertilization on certain soils. 

Alkali Soils.t—Alkali consists of soluble salts. When present 
in the soil in excessive quantities, these salts interfere with the 
growth of plants, or prevent their growth entirely. 

The ordinary “alkali” salts are sulphate of soda, chloride of 
soda, and carbonate of soda. The salts first named, when crys- 
tallized in the surface of the soil, appear as white substances, 
and generally form what is known as white alkali. Carbonate of 
See however, Arendt, Jahresber, Agr. Chem., 1858, p. 125. 

Withers and Fraps, Report North Carolina Exp. Sta., 1902-3, p. 53. 


’ Shedd, Kentucky Bulletin, 188. 
+ Alkali Soils of the United States, Bulletin 35, Bureau of Soils. 
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soda has a corrosive action upon vegetable matter (usually found, 
in the soil) producing a black solution or substance, and for this 
reason is called black alkali. Carbonate of soda is especially in- 
jurious, for it causes the soil to become hard so that water will 
not easily penetrate it. It is also more injurious to plants than 
the less corrosive alkali salts. 


Fig. 63.—Alkali spot remaining in reclaimed field, Utah. Bureau of Soils. 


_ Other salts than those mentioned above may be present in 
alkali. Calcium chloride, for example, may give the soil a black 
color, and have the appearance of black alkali, but it is not as 


1 California Bulletin 128. 
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injurious as carbonate of soda. Nitrate of soda has been found 
in quantity large enough to be injurious in Colorado soils.* 
Magnesium carbonate is said to cause alkali soils in Illinois.? 
Origin of Alkali—Alkali comes originally from the decompo- 
sition of rocks. In climates where there is an abundance of rain, 
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Fig. 64.—Salt content of sandy land and of gumbo soil, before and 
after irrigation. Irrigation causes the alkali to rise too near the 
surface of the gumbo soil. Bureau of Soils. 


and much water passes through the soil, the alkali salts are 
washed out about as fast as they are formed and carried into 
streams, and thence to the sea. 


1 Headden, Bulletin 178, Colorado Station. 
* Hopkins, Illinois Bulletin 157. 
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In arid climates, since the rainfall is not sufficient to wash out 
the soluble salts, they accumulate. As long as these salts are dis- 
tiibuted uniformly through the mass of the soil, they cause no 
injury, but the alkali may accumulate in the surface-foot of the 
soil, or it may be carried away to accumulate in another field. 

When water comes in contact with the soil, it dissolves the 
soluble constituents as far as it penetrates. If afterwards it 
rises and evaporates, it leaves there all the alkali which it held in 
solution. Thus the alkali originally distributed through the soil 
may be concentrated near the surface, thereby causing injury to 
plants. Checking evaporation by cultivation, mulching or shad- 
ing the land by crops, will check the rise of alkali. It sometimes 
happens that the alkali is concentrated in the eleventh or twelfth 
foot of the soil. Under moderate irrigation, the water will not 
penetrate to this depth, but excessive irrigation will carry water 
to such depths as to dissolve the alkali in the depths of the soil, 
and evaporation may then bring it near the surface, so as to cause 
injury. Soils have the power of elevating water to some dis- 
tance, through the small spaces between the particles. 

Irrigation waters, so necessary in arid regions, always contain 
dissolved salts. These are left behind when the water evaporates. 
If the water is of poor quality, only a few applications may be 
sufficient to charge the soil with alkali. Even a good irrigation 
water will give rise to alkali if all the salts it contains are allowed 
to accumulate in the soil. 

Excessive irrigation, without under-drainage, gives rise to 
alkali This is evident first in the low-lying lands. The excess 
of water flows off into them, and raises the level at which the 
water saturates the soil (known as the water table), until in some 
cases, the water comes to the surface. The alkali is washed from 
the higher ground, and the water evaporates in these low places, 
leaving the alkali near the surface. ‘The land is thus converted 
into alkali flats. Even where the water does not come to the sur- 
face, whenever it comes within such a distance of the surface 
that the capillary action of the soil grains has the power to bring 
it to the evaporating point, alkali will accumulate. The constant 


1 Dorsey, Bulletin 34, Bureau of Soils. 
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Fig. 65. —Distribution of alkali in soils near Tempe, Arizona—less than 0.25 
per cent., 0.25 to 0.50 per cent. and over 0.50 per cent. shown by the shading. 


\WUA 


Fig. 66.—Distance to standing water in soils near Tempe, Arizona—less 
than 10 feet, Io to 20, 20 to 50 feet. Compare Fig.65. Bureau of Soils. 
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rise of the water containing salts and the evaporation of the 
water, leaving the salts behind, will accumulate alkali even if the 
water in the soil does not contain much alkali. Usually, how- 
ever, such water contains some alkali. 

Alkali will accumulate at any point where the water constantly 
evaporates, as on the sides of irrigation canals. 

Whenever the water table rises, in land under irrigation in arid 
sections, to within 4 or 5 feet of the surface, it is a sign of 
danger. Such a rise means that the water in the soil is in such a 
distance of the surface that the salts will be constantly moving 
from the reservoir in the soil water, and accumulating in the soil. 
Injury will result if such an action continues. The remedy is 
drainage. 

The bulk of the alkali salts in an arid region will be usually 
found some distance from the surface of the soil, when the water 
table is many feet below the surface. The depth at which this 
accumulation occurs depends to some extent upon the depth to 
which the rainfall penetrates. For example, Thomas H. Means 
found that the alkali salts in coarse sands of a certain district 
were largely 4 to 8 feet from the surface, while in sandy 
loam, in which the rain can not penetrate so deeply, the alkali 
occurs at a depth of 3 to 4 feet. The rain dissolves the 
alkali and carries it down into the soil. On evaporation, some 
of the alkali returns to the surface, but the bulk of the evapora- 
tion must take place below the surface, for otherwise the alkali 
which is washed down would be brought up again. 

Surface accumulations of alkali salts take place where the 
ground-water is sufficiently near the surface to cause the bulk of 
the evaporation of water to take place at or near the surface. 
Dissolved material from the soil, and that brought in by the 
ground-water, will be brought to the surface. Hence basin-like 
depressions surrounded by sloping land usually contain alkali. 

Effect of Alkali on Plants.—Alkali* usually causes injury at 
the base of the trunk, or the root crown of the plant. The bark 
of green herbaceous stems is usually turned to a brownish color 
for % inch or more, and is soft and easily peeled off. The 

1 California Bulletin 128, p. 5. 
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rough bark of trees is turned nearly black, and the green layer 
turns brown. ‘The plant either dies, or becomes unprofitable to 
the grower. 

The amount of alkali which various plants will stand depends 
upon a number of conditions, among which are the age of the 
plant, the character of the soil, the composition of the alkali, the 
distribution of the alkali, and other conditions which influence the 
erowth of the plants themselves. ‘The most injurious salts are 
the carbonates; the least injurious are the sulphates. 

The California Experiment Station? has endeavored to deter- 
mine the tolerance of various plants for alkali by estimating the 
amount of alkali in soils in which the respective plants did well 
or ill. The depth of 4 feet was chosen, because the strata below 
that depth contain little alkali, and because rainfall or irriga- 
tion water ordinarily does not penetrate below that depth. The 
total amount in this depth must be considered. 

The results of these California investigations are as follows. 
These figures, as stated, are tentative and subject to change: 


HIGHEST AMOUNT OF ALKALI IN WHICH PLANTS WERE FOUND 
UNAFFECTED, IN POUNDS PER ACRE TO THE 
DEPTH OF FOUR FEET. 


Sulphate Carbonate Chloride 

(sodium (sodium (sodium Total salts 

sulphate) carbonate) chloride) 
Grapes..--. -.+.--- tee 40,800 75599 9,600 45,800 
Olives ---..--.... feeeee 30,640 2,880 6,640 40, 160 
Bigg ic frags ys sisiatn 24,480 1,120 800 26,400 
Almonds....---....... 22,720 1,440 2,400 26,560 
Oranges .....-.-....-- 18,600 3,840 3,360 21,840 
Jeane Sada Soodonacad os 17,800 1,760 1,360 20,920 
Apples.-----+.-+++-++- 14,240 ‘ 640 1,240 16,120 
Peaches. ..--.---.-..-. 9,600 680 1,000 11,280 
BAiaocod sdgoonts booe 9,240 1,360 1,200 11,800 
ADTICOtS sbi. ri sia e- 8,640 470 960 10,080 
Wemonseieoeocieiece re: 4,480 480 800 5,760 
Mulberry -.-------...-- 3,360 160 800 5,760 
Saltbushieresacrsreseciere| ert 5"O40 18,560 12,520 156,720 
Ailfalta (Old) cee ces. -t 102,480 2,760 5,760 110,320 
Alfalfa (young) ....--- 11,120 2,360 760 13,120 
Sorghum...........-.. 61,840 9,840 9,680 81,360 
Sugar beet ..-.-.--.... 52,640 4,000 5,440 59,840 
Snowe: >< se os sees 52,640 1,760 5,440 59,840 
adishiei-lacreretietlesncrit: 51,880 8,720 2,240 62,840 
Wheater ios etek 15,120 1,480 1,160 17,280 
Burr clover..---....-.. 5,700 11,300 “= 17,000 
Hairy vetch....-..---. 63,720 2,160 3,160 63.360 


1 Loughridge, Bulletin 133. 
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The Bureau of Soils of the United States Department of Agri- 
culture divides soils into six grades, according to their average 
content of soluble salts to a depth of 6 feet. 


Percentage of Black alkali a 
total salts en soil per cent. CxO paoe 

Grade I ---- 0,0-0,20 Less than 0.05 |Common crops not injured un- 
less salt is concentrated in 
first foot. 

Grade 2 -.-. 0.20-0.40 0.05-0.10 Allcrops will grow except those , 
most sensitive, but at the 
higher limit all except those 
that are truly resistant are 
distressed. Alfalfa grows 
but hard to get a good stand. 
Sugar cane, sorghum and 
barley do well. 

‘Grade 3 .--: 0.40-0.60 0. 10-0.20 Not suitable for common crops. 
Usually devoted to pasture. 

Grade 4 -.-. 0,60-1.0 0.20-0.30 Almost worthless for farming 
or fruit growing. 

Grade 5 ---- I.0-3.0 Over 0.30 ~=—| Worthless. 

Grade 6 .... Over 3.0 Worthless. 


The quantities of alkali mentioned above refer to the total 
quantity of soluble salts. 

Utilization of Alkali Soils.2—(1) Growth of Resistant Crops.— 
One method of utilizing-alkali soils is to grow crops which will 
resist the action of the alkali present. One of the most resistant 
crops is salt bush, which endures drouth as well as alkali, and is 
used for pasturage, or as a hay crop. Sorghum, oats, and sugar 
beets have a high resistance for alkali, also some varieties of 
barley, but it is difficult to secure a stand of these crops when 
more than 0.6 per cent. of the total salts is present. 

(2) Treatment of Black Alkali.—Black alkali, due to sodium 
carbonate, may be converted into sodium sulphate by means of 
gypsum. ‘The sulphate.is much less harmful to plants and the 


1 Dorsey, Bulletin 35, p. 24. 
2 Hilgard, Bulletin 128, California Exp. Sta. 
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Fig. 67.—Orange grove, (A) suffering from alkali, (B) after the alkali has 
been driven down by irrigation. California Station. 
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tilth of the land is decidedly improved. If much alkali is present, 
gypsum alone will not be sufficient because it does not remove the 
alkali, but merely changes it to another form. No chemical treat- 
ment is known which will counteract the effects of white alkali. 


(3) Scraping the Surface.—At the end of a dry season, when 
the alkali has risen to the surface, it may. be scraped off and 
carted away. This method might be used for small spots. 


(4) Flushing the Surface-—This method consists in flooding 
the land with water and drawing it off after a short time. This 
method can not be used for any soil in which the water sinks in 
rapidly, because the water will carry the alkali with it into the 
soil. With rather heavy, impervious soils, with the alkali largely 
at the surface, the method may prove successful. 


(5) Flooding Without Drainage.—For this method, the soil 
must be naturally well under-drained, with the water table several 
feet below the surface. The water used in flooding must go 
through the soil, and into the drainage. The method employed is 
to level the field, and cover the soil with water to the depth of 
several inches, the water being held on the soil by means of dikes 
or levees so that it soaks into the soil. Repeated flooding will 
carry the alkali out in the drainage waters. As already pointed 
out, this method can only be applied to soils which are naturally 
well under-drained, and on which the flooding will not raise the 
level of the water-table to a dangerous extent. 

(6) Flooding and Drainage.1—Flooding together with artificial 
drainage will reclaim any alkali land; provided, of course, that 
the flooding is carried out often enough, and with sufficient water, 
and provided that the drainage is sufficient. Drainage is largely 
a matter of engineering. The drains should be at least 3 feet 
deep; on some soils 4 or 5 feet is better. In heavy soils they 
should be from 25 to 100 to 150 feet apart; in sandy soils inter- 
vals of 250 to 300 feet may answer the purpose. 

Prevention of Alkali—Accumulation of an excess near the 
surface is most to be feared. If the alkali is below the root zone 
of the plants it can do no damage. Plants may grow and do well 

! Bulletin 34, Bureau of Soils, also Bulletin 44. 


268 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


with their roots just above an accumulation of alkali, but if the 
alkali rises to the roots, or if deeper rooting crops are grown, 
injury will result. 

In order to prevent the rise and accumulation of alkali, the 
irrigator must keep the main movement of the water downward 
through the soil and out in the ground water. If the water move- 
ment is maintained in this direction, the alkali will not accumu- 
late in the soil. The movement need not be at all times in this 
direction, but the main movement must be this way, or alkali | 
will accumulate. 

If the main movement of the water is up through the soil, 
alkali will accumulate. In a sub-irrigated soil, the movement of 
water is up, due to evaporation of water, and to transpiration 
from the leaves of plants. Hence, sub-irrigation means an ac- 
cumulation of alkali. 

Furrow irrigation is a kind of sub-irrigation. The soil at the 
top of the furrow is irrigated from below, and, in this particular 
part of the soil, the movement of the water and dissolved salts 
is up, so that it will accumulate alkali. If furrow irrigation is 
used in places liable to alkali, the soil should occasionally be 
leveled and flooded—sufficiently often to keep the main move- 
ment of the water down through the soil. 

If flooding is practiced, and hillocks occur which are not 
covered by the water, such spots are sub-irrigated, and alkali 
will accumulate in them. Within these hillocks, the movement of 
water is upwards, due to evaporation from the surface. Such 
hillocks should be leveled before flooding begins. 

Anything which will counteract surface evaporation will aid in 
keeping the main movement of the water down and through the 
soil. The greater the extent that evaporation is prevented, the 
less water is needed for the irrigation. Evaporation from the 
surface, therefore, should be prevented as much as possible. 
Careful and frequent cultivation will produce a mulch which will 
do much towards checking evaporation. Trees or crops on the 
land will also shade the surface and check evaporation. 

If the water-table is too near the surface, flooding must be 
more frequent or the land must, be under-drained. Too frequent 
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flooding may keep the ground too wet, so that under-drainage is 
really the practical remedy. Whenever the water-table is at such 
a distance that the capillary action of the soil can bring water 
from it to the surface, there is great danger of alkali. In such a 
soil, the rise of water from the ground water is continuous, so 
that more must be used in irrigation to cause the main movement 
of the water to be downwards. By lowering the water-table by 
means of drainage, the water-table may be brought below the 
power of the soil to elevate it, thus checking the movement of 
water, and the alkali with it, towards the surface. The right 
depth for the water-table depends upon the character of the soil. 
In coarse sand, water may be raised over 5 feet. It appears 
possible that in fine sand, so often found in alkali districts, water 
may be raised as much as 12 to 15 feet. 

How much flooding will keep the main movement of the water 
downward and through the soil will depend, therefore, upon the 
water-table and the character of the soil, and the thoroughness of 
the cultivation. The composition of the ground water, and the 
composition of the irrigation water are important factors to con- 
sider. 


The alkali question is, in many localities, largely a question of 
proper drainage. 


Quality of Irrigation Water—The quality of the irrigation 
water which can be used upon soils without injury depends upon 
the kind of soil, the character of the under-drainage, the rainfall 
_of the area, and the manner in which the water is used. If the 
soil is easily penetrated by water, and well drained, water of 
comparatively high mineral content may be used, provided that 
it is used in such a manner as to keep the main movement of the 
water through the soil and into the drainage. In humid regions, 
a water containing more salts may be used than in arid regions, 
since less water is used and the natural rainfall will aid in wash- 
ing the alkali out of the soils. With a heavy clay soil, however, 
and especially if alkali carbonates are contained in the water, 
there is always danger. 

The limit of concentration of irrigation water has been placed 
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by some authorities at 2,000 or 3,000 parts per million. With 
these concentrations, however, injury will result if the alkali is 
allowed to accumulate, and is not washed from the soil. Even 
comparatively small amounts of mineral matter may give rise to 
alkali in time, if the soluble salts are allowed to accumulate. 

Thomas H. Meanst found water containing as much as 8,000 
parts per million of soluble salts used in the Desert of Sahara, 
many of the crops grown being quite sensitive to alkali. The 
Arab gardens are divided into plots about 20 feet square, 
with drainage ditches about 3 feet deep between them. A 
large quantity of water is applied at least once a week; more 
often, water is applied twice, the check method of irrigation 
being used. ‘Thus a continuous downward movement of water 1s 
maintained, and, since the soils are light and sandy, they are well 
drained, and there is little opportunity for the soil water to be- 
come more concentrated than the water applied. 

It is evident that the more salts contained in the water, the 
better should be the under-drainage, and the more freely the 
water should be used. On clay soils, the matter is more difficult. 
Alkali is so hard to remove from some of these soils, even if 
‘under-drained, that it is doubtful if any except water of high 
purity should be used on such soils. 


1 Circular No. 10, Bureau of Soils. 


CHAPIER XIIL 


LOSSES AND GAINS BY THE SOIL 


Under natural conditions, a large portion of the material taken 
from the soil by plants returns to it again. The plant dies and 
decays. Droppings from animals which have eaten plants are 
distributed on the soil. Nevertheless there is some loss of ma- 
terial due to leaching. We have seen that in the weathering of 
rocks into soils, large percentages of material are removed, but ~ 
this process has taken long periods of time. Soils which are 
highly weathered contain much less plant food than those less 
weathered; this shows that losses by percolation occur under 
natural conditions. Under cultivation, there may be much greater 
losses, due to the smaller amount of vegetation on the soil at cer- 
tain seasons, and to the removal of the crops. 


Gain by Rainfall—tIn Chapter III we saw that the rain dis- 
solves and brings down small amounts of ammonia, nitrates, dust, 
and other substances. The quantity of the most important con- 
stituent, nitrogen, brought down by the rain, has been shown to 
average about 8.0 pounds per acre. (Chapter III.) 


Loss in Percolation.—Of the water which falls on the soil, a 
portion runs off, a portion evaporates or is transpired by plants, 
and a portion penetrates through the soil, and either reappears in 
springs, drains, wells, or seepage water, or else sinks deep into 
the earth. This is the percolating water. ‘The water which per- 
colates dissolves some of the material that comes in contact with 
it, thereby causing a loss of material. The water contains silica, 
organic matter, potash, soda, lime, and magnesia, in the form of 
carbonates, sulphates, phosphates, chlorides, and nitrates. The 
more important of these constituents, from an agricultural point 
of view, are the potash, phosphoric acid, nitrogen, and lime. 

The amount of loss by percolation depends upon a number of 
factors: 

(1) The Quantity of Percolating }Vater.—This depends upon 
the amount of rainfall, whether the land is bare or covered with 
vegetation, the character of the soil, etc. Unless the rainfall is 
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sufficient to saturate the soil, and pass into the ground water, 
there is no percolation. Plants, by withdrawing water from the 
soil and causing it to evaporate, diminish the quantity which 
percolates. As more of the rainfall will penetrate an open, por- 
ous soil than a compact soil, there would be a greater surface off- 
flow from the latter. Soils which retain water near the sur- 
face suffer greater losses by evaporation. See Chapter VII. 

(2) The Composition of the Soil Extract.—This depends upon 
the fixing power of the soil and the solubility of its constituents. 
It also depends on the kind and quantity of the various additions 
made to the soil. The application of fertilizers almost always in- 
creases the quantity of potash and nitrogen in the soil extract and 
consequently increases the loss of plant food. Ammonium sul- 
phate and potash salts also increase the quantity of lime in the 
soil extract. 

(3) The Presence or Absence of V egetation.—Besides affect- 
ing the amount of percolation, vegetation withdraws plant food 
from solution and thereby diminishes the loss in percolating 
water. 


Study of the Loss.—The loss by percolation may be studied in 
two ways, both of which have their limitations: 

(1) By determination of the amount and composition of the 
percolating water. For the purposes of this experiment, a sec- 
tion of the soil must be enclosed in a water-tight receptacle, so 
arranged that all the water which percolates may be collected, 
measured, and subjected to analysis. 

A section of soil in its natural condition, may be isolated by 
trenches, enclosed by brick walls, and then separated from the 
sub-soil, so that the percolating water may be collected in a suit- 
able vessel. ‘This was the method used in preparing the drain- 
gauges (as they are called) at Rothamsted. See Chapter VII. 

Soil may also be placed in boxes of cement’ or cans’ of gal- 
vanized iron, or other material, arranged with suitable tubes and 
collecting vessels. In such case, the soil is stirred and aerated 
and is otherwise under unnatural conditions. The apparatus 


1 New York, Cornell Station Report, 1909. 
2 Fraps, Texas Bulletin 172. 
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should be left for sufficient time to allow readjustment to take 
place. 

All the water which falls on the soil in such an apparatus must 
either percolate or evaporate. The percolation will therefore be 
in excess of that in a free area, where a portion of the water runs 
off. 

(2) The second method’ consists in determining the quantity 
and composition of the water from tile drains in the field. ‘Tile 
drains run when the water does not pass into the sub-soil rapidly 
enough to keep the soil from becoming saturated in the vicinity 
of the drains. The quantity of drain water does not, therefore, 
represent the quantity of water which percolates, but its com- 
position should represent to a certain extent the composition of 
the percolating waters. 

Quantity of Loss by Percolation.—The composition of the 
drainage water from some of the plots at Rothamsted? is given 
in the following table: 


ANALYSIS OF DRAINAGE WATERS IN PARTS PER MILLION. 


. Rothamsted Ee phone Potash nieeaen Lime 
Unmanured wheat plot ............ 0.63 Th 3.9 98.1 
Ammonium salts only .-.---...+--- 1.44 1.9 13.9 154.1 
Ammonium salts and super-phos- 

phates arate velista else ch cra: ols 6¥6 (6/0 omen ni Acetone 1.66 1-(0) 15.3 165.6 
Full mineral dressing and ammonia} 0.91 2.9 14.0 181.4 
Farm-yard TUPATIUU mene hovoheleleronere cuelete ese — Bhaal 16.1 147.4 


If we assume a downward percolation of 10 inches of drain- 
age water, one part per million of water corresponds, in round 
numbers, to 24 pounds per acre per annum. According to this 
estimate, from 114 to 334 pounds phosphoric acid, 2% to 12% 
pounds potash, and g to 36 pounds nitrogen are lost in the drain- 
age waters a year, according to the condition of the soil. 

At Rothamsted, the average amount of nitrogen contained in 
the crops (wheat) in 30 years on the unmanured plots was 18.6 
and 20.3 pounds; the estimated loss by drainage from tiles, 10.3 


1 Jour. Agr. Sci., 1906, p. 377. 
* Hall, an Account of the Rothamsted Experiments, p. 237. 
18 
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and 12.0 pounds respectively, with an estimated gain of 5.0 
pounds nitrogen derived from rain and dew. From two-ninths 
to one-fourth of the total loss of nitrogen passes into the drain- 
age waters. At the New Jersey station’ in a four crop rotation 
in cylinders for seven years, the nitrogen recovered from nitrate 
of soda was 39.6 per cent. and the soil had not gained any nitro- 
gen; from manure, 11.0 per cent. and the soil had gained 0.01 per 
cent. nitrogen. 


Gains by Material Dissolved in Capillary Water.—A certain 
portion of the water which sinks into the sub-soil, rises again to 
be evaporated near the surface or transpired by plants. It has 
- been claimed that this water may bring dissolved material to the 
surface soil. Such is indeed the case in arid regions where sol- 
uble salts are within reach of the water. The alkali zone may 
rise or sink to some extent with the dry or wet character of the 
season. In humid sections, however, material is dissolved by the 
water as it passes through the surface soil, and the gain can be 
due only to a longer contact with the sub-soil. There may be some 
gain of this kind, but it would have to be considerable to counter- 
balance the material dissolved in soil water which enters the 
ground water and does not return to the surface. The writer has 
been able to find no experimental data showing the relative solu- 
bility of the material of soils and sub-soils, and the relative quan- 
tity of water which reaches the sub-soil and which returns to the 
surface. 


Losses by Washing.— Water running off on the surface carries 
soil particles with it, so that as a general rule the surface soil is 
deeper in valleys and thinner on hillsides. The particles are car- 
ried to some extent in the water of streams, and may be deposited 
elsewhere along the course of the stream, or carried to the sea. 
In regions of heavy rapid rains, the running water may cut ra- 
vines and gullies, and practically destroy unprotected hillside 
land. Vegetation is a protection against such loss, and so is any- 
thing which checks the rapidity of the flow of the water. Proper 
hillside terracing is the best treatment for cultivated land. 


1 Bulletin 289, 1916. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 275 


Loss by Bacterial Action.—The losses by bacterial action fall 
on the organic matter and the nitrogen of the soil, none of the 
other materials being directly lost in this way. Excessive nitri- 
fication is followed by losses of nitrogen as nitrates in the drain- 
age water, usually as calcium nitrate, which involves a loss of 
lime, also. Nitrogen is also lost to the soil by denitrification, par- 
ticulariy when the soil is water-clogged or receives excessive 
quantities of manure. Considerable losses of nitrogen take place 
in cultivated soils. 

Organic matter is lost from all cultivated soils by oxidation. 
The factors which influence the oxidation of organic matter have 
been discussed in a previous chapter. 

Gains of Nitrogen by Bacterial Action.—Considerable amounts 
of nitrogen may be assimilated by legumes in connection with 
bacteria. Crimson clover, according to the New Jersey Station, 
may take up 200 pounds nitrogen per acre per year. Similar 
studies at the Delaware Station? with various legumes showed 
the yields to range from 31 to 140 pounds nitrogen per acre. 
Velvet beans gained 213 pounds per acre in Alabama experiments, 
172 pounds in Louisiana, and 141 pounds nitrogen in Florida. 
Cowpeas gained 70 pounds in Alabama,” and 35 per cent. was 
left in leaves and stubble if the vines were mowed. Like results 
with other legumes showed an average gain of 122 pounds nitro- 
gen per acre for sixteen States. 

It is believed by some that appreciable quantities of free nitro- 
‘gen may be fixed by soil bacteria, which have no connection with 
legumes, especially when the soil receives manure or other vege- 
table matter for the bacteria to feed upon. This subject requires 
further investigation. Bacteria which have this power are cer- 
tainly present in the soil, but to what extent they aid in maintain- 
ing the supply of combined nitrogen in the soil, is not known. 

Losses in Cropping.—This is due to the removal of plant food 
in that portion of the crop which is taken from the land. The 
amount lost in this way varies largely, depending on (a) the size 
of the crop, (b) the kind of crop, (c) the portion of the crop 


1 Bulletin No. 60. 
2 Bulletin No. 120. 
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removed, and (d) the treatment of the residual portion, besides 
the various factors which influence the amount of plant food 
taken from the soil by the crop. 

The fact that the amount of plant food removed depends 
largely on the size of the crop, requires little discussion. The 
plant food removed varies largely with the kind of crop. 

The quantity of plant food removed by the marketed portion of 
various crops of the size named,’ is as follows. These figures 
are from average values ; individual analyses may vary somewhat. 

POUNDS OF PLANT FOop. 
| 


Pho paar Nitrogen Potash 
Corn, 40 bushels (corn and cob).....---..--. 19.0 38.0 13.0 
Wheat, 25 IDWS eS essere dor ste HOREtere oie acess 13.0 29.0 9.0 
@ats, Zoibushels 22 -. <2. <1 seas = += 0 10.0 25.0 75O 
Cotton lint (250 pounds)...- -----+-++++++-++- O.I 0.8 0.7 
Potatoes, Irish, 100 bushels .-.....-...--..-. 10.0 20.0 36.0 
Potatoes, sweet, 200 bushels..........--+----- 20.0 ASO) | 72.0 
Alfalfa, 4 EOVTUS oie th 0) elo oe) se) 5 jn ui -0 e arataiein isin al sieke ce 9/0 50.0 183.07 143.0 
Sugar cane, 20 tOMS. +--+ sees e cece cece cence 15.0 153.0 44.0 
Onions, 30,000 pounds..--- +--+ +++ +++e+eeee 27.0 57-0 60.0 
Rice, 1,900 pounds....---..-eeeeeeeeeees rece 12.0 23.0 5.0 


Loss in By-products.—The by-products consist of the straw, 
chaff, cotton seed, etc., and the loss of plant food depends upon 
how they are disposed of. If they are removed, and sold, or 
otherwise taken away, all the plant food in them is lost. If 
burned and the ashes returned to the soil, the nitrogen is lost. If 
turned under, the loss is much less. If made into manure, which 
is afterwards placed in the soil, there is still some loss. 

PLANT FOOD IN BY-PRODUCTS OF THE CROPS IN PRECEDING TABLE. 


Fhosplegs Nitrogen Potash 


Cotton seed, (500 pounds) -.---------++------ 7 16 8 
Cotton stalk and leaves ....--...-..- -+--0-- I2 32 23 
Corn stalks and leaves -....--..-.--2.- sesees 6 22 29 
Wheat Straw ---..c o> see cece sees we npce cee 5 13 14 
Oat SUT AW. oo c.0 vines vies ei) vlclee eleieid pec slulelm Viale sie\eie 4 Io 21 
IRC] SELAW? cles ein lore eneteto le elie! olelal-) =lelellalel=lelieteneveliaiel av 5 14 37 


1 Bulletin No. 125, Texas Station. 
2 A portion of this nitrogen comes from the air. 
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Loss of Various Cropping Systems.—When a soil is continu- 
ously cultivated to the same crop, such as wheat, and all the 
material removed, it decreases in productiveness, until it reaches 
a low crop level, at which production may be maintained for a 
number of years. 

If the soil receives fertilizers or manure continuously, the losses 
of plant food will be greater, and the soil will adjust itself to a 
higher level of productiveness as long as conditions are so main- 
tained. 

Distribution of the Losses of Nitrogen.—At Rothamsted, study 
was made of the disposition of the nitrogen added to the soil dur- . 
ing a period of 50 years. Analyses were made of soil from 
different plots treated differently, at the beginning and end of 
the period, of the crops, and of the water from tile drains. Of 
86 pounds nitrogen added per acre per year in 50 years, the dis- 
position seemed to be as follows: | 

DISPOSITION OF NITROGEN, PER YEAR.! 


Average | Maximum] Minimum 


Removed in crops, 50 years -----... Satine Fishers 16.7 25.0 8.0 
Aweummellanied)| Taisonll oocogdebdos ehopoedouuon 7.6 12.5 3.0 
WassttrOmbetilercnaltisetek weiss iste + say eveysieies.eve: 4,6 26.7 31.0 19.0 


@bH em IOSSES oicles sts) eeietetere = ROR hd BS aoe 35.0 44.0 26.0 


The maximum loss took place with ammonium salts alone. The. 
amount of the total loss was estimated by adding the amount of 
nitrogen in the soil at the beginning to the total amount added as 
a fertilizer and subtracting from this the amount present in the 
soil at the end of the fifty years. The nitrogen lost may have 
passed into the ground water below the drains. In this work, 
only 17 per cent. of the nitrogen was used by the crop. It is 
quite possible that with smaller applications of nitrogen, much 
smaller losses and much better utilization of the nitrogen, would 
have taken place. The excessive amounts of nitrogen used 
caused heavy losses. 

Gains of Organic Matter.—The soil gains organic matter 
through residues of crops, weeds, green crops, and manure. Crops 

1 Bulletin 106, Office Exp. Sta., U. S. Dept. Agr. 
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are divided into two classes with reference to their effect upon 
the organic matter of the soil—namely, humus decreasing and 
humus increasing. ‘Those crops which leave enough, or more 
than enough vegetable matter in their roots and stubble to restore 
the loss which takes place during their growth, are called humus 
increasing crops. ‘They are generally crops which receive little 
or no cultivation, and which leave large amounts of roots and 
stubble. Crops such as clover and grasses are humus increasing. 


Those crops which do not leave enough organic matter to re- 
place the loss by oxidation during their growth are called humus 
decreasing. On account of the cultivation which these crops 
receive, there is a greater loss of organic matter than with the 
first group mentioned, and less organic matter is contained in the 
stubble. Cotton, corn, potatoes, and beets belong to this group. 

There are some crops which belong to the one or the other of 
these groups according to the disposition made of the residues 
therefrom. For example, if rice straw is removed or burned, it 
is a humus-consuming crop, while if the straw is plowed under 
there may be little or no loss of humus. 


The quantity of organic matter lost when humus-consuming 
crops are grown also depends upon the disposition of the residues. 
Any treatment which results in loss of organic matter that might 
be plowed under, such as burning off of corn stalks or grass, etc., 
increases the loss of organic matter from the soil, and vice versa. 


Green crops, when plowed under, increase the organic matter 
of the soil. Their chief use is to secure nitrogen from the air. 
Plowed under very green, they decompose rapidly and may sour 
the soil. If allowed to mature, decomposition takes place much 
more slowly. Manure is one of the best means of maintaining 
the organic matter of the soil, but many farms do not make 
enough manure to suffice for this purpose. 


Formation of Humus.—The accumulation of humus takes place 
more largely under conditions of reduction than conditions of 
oxidation. Climate, weather, nature of soil, etc., are all of in- 
fluence. A high temperature is favorable to decay only when 
accompanied by sufficient moisture, but, as a general rule, a low 
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temperature is favorable to accumulation of humus. ‘The less 
the permeability of the soil, the slower is the oxidation and the 
greater is the accumulation of humus The greater the quantity of 
plant substance produced, the larger the accumulation of organic 
matter in the soil. Dry plant residues decay more slowly than 
green, the straws of cereals more rapidly than the leaves of trees. 
Wood decays more slowly than any of the other materials named. 

“In cultivated soil, in spite of the addition of manure, the 
accumulation of humus is less than in similar uncultivated soils 
covered with perennial crops, such as pastures, forests, etc. Both 
lose organic matter, but the protective covering of the latter de- 
creases the loss or even causes an increase. The following table 
shows the carbon content of the soil under three forms of treat- 
ment: 


GRAMS OF CARBON PER 1,000 GRAMS SOIL. 


Potatoes : 
Corn and barley Sanfoin 
At the beginning Fn EOI OE IE een 15.2 16.2 12.9 
PRRLEL OGONVITE A YCATS ob alan. cele as 6 ccc csie ees 7.6 visi 13 
GOSS) Wer Woreners se orca ter ireicasiotate cree ovaids, 2 « 7.6 Q.1 — 
(Qtr rattGut NGBRRG aban ee oe Dye As Clea — — 0.4 


A loss of over half the organic carbon in the soil occurred with 
the cultivated crops, while with the uncultivated crop (sanfoin) 
there was a slight gain. Manure was added to the cultivated 
plots. 

It appears that cultivated soils become poorer in carbon, even 
though large quantities of manure are applied, and this impover- 
ishment ceases and the soil begins to get richer when the land is 
filled with perennial plants. 


CHAPTER XIV. 


MANURE. 


Manure consists of the excrements of domestic animals, mixed 
with more or less bedding or litter. Barn-yard manure is the 
ordinary mixture of animal excrements,: litter, etc., which are 
accumulated on the farm. 

Composition of Manure.—Manure is very variable in composi- 
tion, depending on the kind and age of the animal, the kind and 
amount of food, the litter or absorbents used, and the method of 
keeping or preserving it. Ordinary barn-yard manure which has 
received reasonable care, may be safely assumed to vary in com- 
position between the following limits: 


Per cent. potaee 
Nitrogen Seo SO Oe OI teas Gti 0.4 Oo Sea Omen 0.4-0.8 0.47 
Phosphoric el oh 0 Wench aac Ree ce 5 OOO CIO COR 0. 2-0.5 0.33 
dO la hohe See ae Ae SARIS SES Gad oS Sa eee 0.4-0.8 0.49 
ALOT: Yorelere occ who ta cvnv ake ePOhe we fs ote. cb Ove heveeRe rene sro hare ele S, ose 0.60-0.75 67.6 


The average composition of carefully preserved manure from 
different animals is about as follows :* 


PERCENTAGE COMPOSITION OF MANURE. 
Water Nitrogen Phospuese Potash 
SHheapuserecme ccc. ts 59.5 0.77 0.39 0.59 
CAIVES soretsarae acetate Fghail 0.50 0.17 0.53 
Hogs .-..-..-- NSS Werte 3 74.1 0.84 ‘ 0.39 0.32 
(OGG 6560566 sacbsc code 75-3 0.43 0.29 0.29 
Horses.--- +--+ +--+ 0+: | 48.7 0.49 0.26 0.48 
Hens -..-..---.-+.--.- 56.0 0.7-2.0 0,5-2.0 0.25.0.9 


Comparative Value of Solid and Liquid Manure.—The solid 
manure of animals consists of the undigested residues of the food. 
The urine contains the fertility ingredients which have been 
digested. The composition of the solid and liquid excrement 

1 Beal, Farmers Bulletin No. 77. 
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from farm animals is approximately as follows, though con- 
siderable variations occur: 


PERCENTAGE COMPOSITION OF EXCREMENTS. 


Phosphoric 


avelal Potash 


Water Nitrogen 


Solid | Liquid} Solid | Liquid] Solid | Liquid} Solid | Liquid 


ELOTSES. otitis < aiet eee eeemererer | 76 89.0 Oo. 


5 12 Or, |\tracenmost: 1.3 
OWS: ioc. oases eras POA |O2-0% |, (0:2 0.8 0.3 | trace} o.1 ling} 
WIE Go me ce ae ee COME G75 10:60 | 0:3 |; 0.5. || Osman lmo.as 
SHEED oii. |. 7. sor cet eS 86.5 | 0.8 {.4 0:6) || (o:05m ow Galle2.0 


Poultry excrement, when fresh, contains about I per cent. 
nitrogen, 0.8 per cent. phosphoric acid, and 0.4 per cent. potash. 
The results of an experiment with cows made at the Pennsylvania 
Experiment Station, to ascertain the distribution of the fertilizing 
ingredients among the solid manure, the liquid manure, and the 
milk or increase in weight, are as follows: 


Liquid Solid Milk 
Manure manure or increase 


Per cent. Péenmcent. || mber cent, 


INMROMEN Ree taniaincheaitwlas le ariote ssa ss 2s 50 33 17 
Phosphoric BY SSH <: cit phone Ghd eELScnOtc nl do Oe eae eee trace Tiss 25 


POTASH ete ene inks ers sedosias, cones Sis Sather eee 75 16 9 


Loss of urine therefore involves the loss of 50 per cent. of the 
nitrogen fed, and about 75 per cent. of the potash. 


Influence of Age and Kind of Animal.—An animal which is 
not gaining flesh, producing milk, or laying eggs, etc., will excrete ° 
practically all the potash, phosphoric acid, and nitrogen eaten. 
These ingredients are taken in with the food, used, and are ex- 
creted in the waste products. If no flesh, etc., is produced, the 
outgo and income must be equal. A young growing animal retains 
in the bones, flesh, etc., a portion of the fertilizing materials fed to 
it. Animals producing milk, laying eggs, etc., utilize some of the 
phosphoric acid, and nitrogen in these products. 
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The Mississippi Experiment Station determined income and 
outgo of plant food, and found that young fattening steers excrete 
on an average 84 per cent. of the nitrogen, 92 per cent. of the 
potash, and 86 per cent. of the phosphoric acid of the food con- 
sumed. 

Differences in the composition of manure from different ani- 
mals are due in part to differences in the food eaten by the 
animal, and in part to the water content of the manure. Animals, 
such as hogs, which feed on concentrated foods, produce a 
stronger manure than those which require more bulky food, such 
as horses and cows. 

Sheep manure is a rich manure containing only a small amount 
of water. It ferments more rapidly than cow manure, but not 
as readily as horse manure. It is concentrated and valuable for 
gardening purposes. 

Horse manure is dry, undergoes fermentation rapidly, and gen- 
erates a high heat on account of its loose texture. In the proc- 
ess of fermentation the nitrogen is converted into ammonium 
carbonate, which, being volatile, is liable to be lost. A well fed 
horse at ordinary hard work will produce about 50 pounds of 
solid and liquid excrement per day. 

Hog manure is very variable in composition. It contains much 
water, ferments slowly, and generates little heat in fermentation. 


Cow manure is poorer than hog manure, decomposes slowly 
and generates little heat. A milch cow will excrete about 20 
to 30 pounds liquid and 40 to 50 pounds solid excrement per day. 


Poultry manure is rich in nitrogen. It ferments rapidly and 
easily loses nitrogen. In order to prevent loss from volatilization 
as ammonia, some preservative should be added to it. 


Quality and Quantity of Feed.—Since manure can contain only 
the fertilizing constituents of the food, the composition of 
manure depends largely on the composition and amount of the 
food. If the food is poor in nitrogen, phosphoric acid, and 
potash, the manure will also be poor. The richest manure will 
be obtained when concentrated materials rich in nitrogen are fed, 
such as cotton-seed meal, gluten meal, bran, clover hay, etc. Since 
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animals fed on heavy rations for fattening or for the production 
of milk must be fed concentrated food, it follows that manure is 
more valuable from these animals than from animals fed for 
maintenance. In many instances the value of the fertiliz:ng 
materials contained in purchased feed is nearly as great as the 
food value. This is very often the case with cotton-seed meal 
purchased in the Southern States. The farmer who saves both 
solid and liquid excrement in the manure, is getting two values for 
the money expended. If the liquid excrement is lost, something 
over 50 per cent. of the fertilizing value of the feed goes with it. 
The fertilizer constituents of the liquid manure are also more 
valuable, pound for pound, than those in the solid manure. The 
liquid manure contains in solution and readily available those 
substances which have been digested by the animal. The pur- 
chase of feeding stuffs accompanied by the careful saving of 
manure, is one way to secure plant food for the farm. ‘This 
method is extensively applied in European countries. 

Different feeding stuffs vary considerably in their content of 
plant food. The following table gives the average manurial value 
of some farm products. 


MANURIAL VALUE OF FARM PRODUCTS, POUNDS PER TON. 


Nitrogen Fhospiees Potash 
Meadow hay -- 2222. eee ee eee cece ee ween 20.4 8.2 26.4 
Clover hay. ...--- ---- +--+ +------eeeee ee eeee 40.2 II.2 36.6 
JEIGTIBR TOES bo Deals Go oda Coco 0.d.dO oe CeO Ose cron : 7.0 3:2 II.4 
WA OKSGHE lotrel rola c's aioe Co Odd cls CLA eC OIE 49.2 54.6 28.6 
ibshastetelsrereebooanes Gaoorc Bes ste nde ons ein Sfiake 105.7 32.2 24.8 
Mottom=seed sleds <teiete feats ciate Gre ee elk:e sets erence Mes !7) 56.2 29.2 
WII ois Saccioo de opatanie che Ch Ocsne Oren Bas 15.8 10.6 
(OyniSde Foe aes nicer tee 6 Pe oc CCE ee ea Renae 36.4 12.4 8.8 
Givsit, ol Chas Bada. 6 Poses od OOOO. CREE TER 33m 11.8 7.4 
Barley ----- +--+ - 22+ eee eee cece eee eee 39.7 15.4 g.0 
NVETMicees ete, wenaste seys lane Ge heyayetorencisstetarele le ior si'c, © eyarers)e® eines 10.2 3.4 3.0 
(CBE Bo nosh ahs db ~ colton dlc can 6 ible Dae 90.6 23.0 5.0 
ILhyECalSo coscou b0605  Cobcgo BAO OOmOD OOo. 53.2 B72 3.0 


Kind and Amount of Litter.—Litter is used to furnish a clean 
bed for the animal and to absorb the liquid excrement. It makes 
the manure easier to handle, increases its physical (and in some 
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cases, its chemical) action on the soil, and checks and controls 
decomposition. ‘The materials used for litter are not, as a rule, 
rich in fertilizing ingredients. It is more important that all the 
fertilizing ingredients of the manure should be preserved than 
that its percentage composition should be increased or diminished. 

Straw is usually used for litter because it is one of the by- 
products of the farm. It is a good absorbent, though rather poor 
in fertilizing constituents. 

Leaves are good absorbents. 


Dry peat is an excellent material, as it has a high absorbing 
power and contains fair amounts of nitrogen. 


Sawdust is a good absorbing material, but poor in fertilizing 
constituents. 


The composition of some materials used as litter is as follows :1 


POUNDS PER TON OF LITTER. 


Nitrogen pata esis Potash 
TG SAV ES Te Goi Rerk crown ch apbte el deve cote Cp REP etesneet ore iste id 6 6 
STE RO IOIGE Ome CBSO ony Bt artery oe aS 8-12 4-6 12-32 
IPOAt a OSSrecc x. stolen ote wi ele ol wae ad nei e 16 trace trace 
Sais Eeate sce: sheheudecehe oi tre syerbane /3-e 2 Pa vaes eters ome re aus 4-14 6 14 
Spent tane bark <. Sachuvies sce ee, caer eee 1Oo—-20 
PPG alte apa sderes lo tevepal ake ciere gated ol, oeuuret ore dere hee ataveve to mameeater ers 20-40 


Losses of Manure.—All the plant food in the excreta of animals 
cannot be saved. ‘There are some unavoidable losses in nearly all 
methods of collecting manure. The least loss of fertility occurs 
_ when the animals are fed in the field to be manured, as the 
excreta, solid and liquid—particularly the liquids—are then ab- 
sorbed by the soil. When manure is stored or preserved, there 
is always a loss of plant food. The Rothamsted Experiment 
Station estimates that, as a rule, under English conditions, one- 
half of the nitrogen of the feed is lost, one-fourth of the phos- 
phoric acid, and none of the potash. The chief causes of loss are 
(1) seepage, or penetration of the liquid manure into the soil; 
(2) weathering, or exposure to rain; (3) fermentation. 


1 Beal, Farmers Bulletin, No. 77. 
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When the animals are stabled on a wood or dirt floor with in- 
sufficient bedding, a portion of the liquid excrement soaks into 
the ground. The quantity depends upon the tightness of the floor 
and the absorptive power of the manure or the litter. A similar 
loss occurs when the manure is stored in piles on the earth. A 
portion of the liquids sink in the earth. Cement floors prevent 
such losses, and are used to a considerable extent in certain 
loealities. Clay when worked until puddled, and then tamped, 
makes a fairly good floor. 


Loss by seepage may be decreased by using the proper quantity 
of litter, and by collecting and preserving the manure on an im- 
pervious floor. An excess of litter makes the manure too coarse. 
The following tablet shows the absorptive power of various 
litters: 

Water retained by 


100 pounds material 
after 24 hours 


VWI STEN igo ous oc Ga RA Bila HOC 8 COE eee or 220 
@alspleaves) Cpantly, decomposed)... oc 1... esc 162 
SAL OBE AS tan pad GOEL Se, Shonen 435 
IERIE, Gaba hGeio doa dou oohe Seo be Se eS Cane Ee eee eet 600 
RECA ERIOS SEALS Ey te Geet nie cone See de wa BE 1,300 
PIGUIEEIG I tPHIAIUIG eins fee errs! elon doce es deen alee 50 


The amount of litter should depend on the character of the 
food. Watery foods and those containing much nitrogen increase 
the secretion of urine and so increase the amount of litter neces- 
sary to absorb the urine and keep the animal clean. Manure pro- 
tected from rain by a shed, according to Kinnard, produced 4 
tons more per acre of potatoes, and 11 bushels more wheat, than 
the same quantity of manure not protected by a shed during the 
same period of time. 

When manure is exposed to rain, a part of the fertilizing con- 
stituents is washed away, somewhat in proportion to the length 
of the exposure and the amount of rain. The soluble ingredients 
so lost are the more available and more valuable part of the 
manure. Experiments have been made in which a quantity of 
manure was weighed and subjected to analysis and after a certain 


1 Herbert, Exp. Sta. Record No. 5, p. 144. 
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period, again weighed and analyzed. ‘The following are some of 
the results : 


Where made 
ee New New +9 
New York Jersey! Jersey! Canada Ohio 
Material 
| Horse Dun Horse Steer 
| manure Cow dung and urine manure manure 

Time (days) .-------..--- | 180 109.0 109 365 go 
Loss of nitrogen per cent. - 50% 37.6 51 33 28 
Phosphoric acid ..-.-..---. 50% 51.9 51 16 14 
Jeo s done aboce” Gib on ac 50% 47.1 61 34 58 


Exposure to rain certainly involves a considerable loss of fer- 
tility. 

Fermentation.A—Two classes of bacteria take part in the fer- 
mentation of manure (1) Aerobic, which live only in the presence 
of oxygen, (2) Anaerobic, which live only when oxygen is ex- 
cluded. On the outer surface of the heap, the aerobic bacteria 
are active, while the anaerobic ferments act in the interior of the 
heap where the supply of air is limited. The anaerobic bacteria 
are less vigorous in their action than the aerobic. They often 
produce foul smelling gases. Molds also take part in the process. 
The fermentation also varies according to circumstances. It de- 
pends on the temperature, the supply of air, the moisture, the 
composition of the material, and the preservatives used. 

The optimum temperature for manure fermentation is about 
131° F. The temperature may rise high enough to set the mass 
on fire, if it is dry enough. The temperature of the interior of 
the heap, where anaerobic fermentation is in Resa rarely 
rises over 95° F. 

The supply of air is determined by the compactness of the heap. 

1 Bulletin 150. 


> Bulletin 183. 
% Herbert, Exp. Sta. Record 5, p. 146. 
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If the heap is too loosely built, the fermentation is too rapid, and 
large losses of nitrogen will occur. 

Moisture, by lowering the temperature and excluding air, re- 
tards fermentation; loss of manure is decreased by keeping the 
manure properly moistened. Alternate wetting and drying is also 
bad. 

Manure decreases rapidly in bulk during fermentation, the sub- 
stances of which it is composed being decomposed partly into 
carbon dioxide and water. When the fermentation is not prop- 
erly controlled, nitrogen may escape as free gas or as ammonia. 
The coarse materials are gradually decomposed and are to a con- 
siderable extent dissolved in the black liquid which oozes out of 
the manure heap. ‘The mineral matter is also rendered more 
soluble. 


The nitrogen in the liquid excrement is mostly present as urea 
or hippuric acid. These undergo fermentation rapidly, especially 
in a warm climate, producing ammonium carbonate, and con- 
siderable amounts of ammonia may escape into the air. Am- 
monia is produced in fermenting manure, and if the manure is 
allowed to dry out, or is too freely exposed to the air, consider- 
able losses of ammonia take place. 


Fermentation is controlled by keeping the manure heap com- 
pact and moist, and by the use of preservatives. Sprinkling the 
mass with water or liquid manure excludes air and prevents loss 
of ammonia. If the mass dries out, nitrogen is lost. Gypsum 
(land plaster), kainit and acid phosphate are preservatives rec- 
ommended to prevent loss of manure during fermentation, but 
it is doubtful whether they have any appreciable effect. 


Methods of Saving Manure.—The following are some methods 
of saving manure: 

(1) Grignon Method.—This method is used extensively in 
France. ‘The manure is piled upon a stone or cement pavement 
in the farm courtyard, in flat, well packed layers. The liquid 
manure, and the drainage from the manure pile runs into a stone 
cistern. From time to time the liquid manure is pumped over the 
pile of solids. ‘The object of this is to keep the manure moist 
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and to prevent loss by excessive fermentation, and also to cause 
the manure to decompose evenly. When thoroughly rotted, the 


Fig. 68.—The Grignon system of keeping manure. 


Fig. 69.— Liquid manure spreader. Switzerland. 


manure is very dark, brittle mass, and is said tq be very etfec- 
tive in its action. 
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(2) Liquid Manure Method.—This method is used in Ger- 
many, Belgium, and Holland. The liquid manure is carried to an 
underground tank by means of stone troughs. The solids are 
kept separate. The liquid manure is pumped out and applied to 
the soil about six times a year, or oftener. 

(3) Deep-Stall Method.—The animals are kept in deep stalls 
with paved floors. Sufficient bedding is used to keep the animal 
dry and the manure is allowed to accumulate in the stall. The 
feeding rack and water vessels are hung on chains, so that they 
can be raised as the manure accumulates. The manure is taken 
out once or twice a year. When the climate is cool, this method 
has given good results. At the Pennsylvania Station,’ there was 
a loss of only 5.7 per cent. of the nitrogen, 5.6 per cent. potash, 
and 8.5 per cent phosphoric acid, compared with 34.1 per cent. 
nitrogen, 19.9 per cent. potash, and 14.2 phosphoric acid lost 
from similar manure in a covered shed. 

(4) Absorption Method.—The liquids are absorbed with straw, 
peat, sawdust, or dirt, etc., and taken out with the solids. The 
manure is allowed to accumulate, or hauled out to the fields daily. 

(5) Feeding Off and Pasturing.—When the crops are pastured 
or fed off, the manure is dropped directly in the field. 

Application of Manure.—The kind and amount of manure to 
be applied depends on conditions. The least loss takes place when 
the manure is applied as fresh as possible. Manure decays more 
rapidly in an open soil than ina close soil (clay). If it is desired 
to improve the mechanical condition of a clay, fresh manure 
should be applied, but the fertilizing constituents act more rapidly 
in a clay soil when manure is well rotted. Fermenting manure 
seriously injures the quality of tobacco, sugar beets, and potatoes. 

The manure may be (a) placed in heaps, and then spread, (0) 
spread broadcast and ploughed in, (c) applied in hill or drill with 
seed. The first method is objectionable, as the small heaps may 
lose fertility rapidly, and the spots made much richer than the 
remainder of the field. ‘The second method is good if the manure 
is soon ploughed in. ‘The third method is applicable to some 
truck crops. 

1 Bulletin 63. 
19 
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The amount of manure applied varies from 3 to 40 tons per 
acre. In arid or dry climates, the manure should be composted, 
and well rotted. Coarse manure should not be plowed under in 
the spring in dry sections, as the layer of manure will break the 
connection between plowed and unplowed soil, and cause the 
plowed soil to dry out more rapidly, thereby losing water needed 
for the crops. Coarse manure may be applied best as a top dress- 
ing on pasture land. Green manures and barn-yard manures gave 
much better results in cylinder experiments at the New Jersey 
Station’ than nitrate of soda. 

Well rotted manure may cause wheat to lodge. It can be 
applied to corn. 

Practice in applying manure varies. In some places, heavy 
applications are made every four years or more. In other places, 
it is applied annually in smaller quantities. It is probably better 
to apply the manure once in a rotation of crops to the crop which 
does best with it. Manure is valuable not only for the plant food 
which it contains, but also for its physical and chemical effects on 
the soil. ‘The lasting effects of manure are shown by experi- 
ments at Rothamsted and Woburn, England. At Rothamsted, 
one plot had received manure for twenty years and none after 
that. Barley has been grown on this plot for fifty-eight years, 
and still shows the effect of the manure applied thirty-eight years 
ago. Thirty years after the last application of the manure, the 
crop of barley on the manured plot was twice as large as that 
which had never received any fertilizer or manure. At Woburn 
a plot which had received manure a few years continued for 
twenty-five years to give better yields than one which had re- 
ceived no manure. 

Green Manures and Cover Crops'—Green manures and cover 
crops are planted to be plowed under. It is of course more de- 
sirable to feed the crop and save the manure, thereby utilizing its 
feeding value and most of its fertilizing value, but this procedure 
is not always practicable. 

The objects of green manure and cover crops are as follows: 


1 Bulletin 289, 1916. 
1 Farmers Bulletin 278. _ 
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(1) To supply organic matter to the soil. 

(2) To prevent loss of plant food by leaching. ‘The soil is 
covered with a crop instead of being left bare. The crop takes 
up most of the plant food in solution and prevents it being washed 
out of the soil. 

(3) To secure nitrogen from the air for the use of succeeding 
crops. For this purpose, leguminous crops should be grown, and 
if Necessary they must be infected with the proper organism. 

Green manures should, if possible, be allowed to mature before 
being plowed under. A large mass of easily decaying matter 
may sour the soil and injure it for some time. Lands which are 
decidedly wet are also not benefited by green manures, as they 
may denitrify. An acid condition of the soil may be corrected by 
lime. 

As a rule, it is best to follow green manures with cultivated 
crops. ‘The tillage of such crops hastens the decay of the vege- 
table matter, and by aerating the soil, favors additional nitrogen 
fixation by the soil bacteria. Corn, cotton, potatoes, and heavy 
tobacco derive great benefit from green manures. 

The following table shows the effects of green manures on 
crops compared with crops on the same soil which had no green 
manure. 


Locality Manure crop No manure Green manure 
Illinois ---) red clover 35-7 (grown continuously ) 55-1 bu. corn 
Ottawa -- clover 38.9 )(T-year))...-....--... 49.9 bu. oats 
Ottawa .. clover FED) ho eee CE Te 37.6 bu. barley 
Arkansas . cow-peas 10.1 (continuous 4 years) - 14.1 bu. wheat 
Alabama - -|cow-pea vines | 837.0. ...-..----.-+++-+++| 1,533.0 seed cotton 
Alabama --|cow-pea vines| 12.4 bushels...--.----.--- 22.8 bu. oats 
Maryland -|crimsonclover| 52.8 bushels....-.--------- | 72.3 bu. potatoes 
Maryland -|crimsonclover| 67.8 bushels------.------- 102.2 bu. potatoes 

Fallen leaves and stubble have some fertilizing value, even 


when the crop is cut for hay. For example, at the Alabama Ex- 
periment Station, 36.6 of the entire weight of the cow-pea plant 
was found to be in the fallen leaves and stubble. The hay in one 
experiment contained 55.8 pounds nitrogen per acre, the fallen 
leaves and stubble 31.4 pounds. 
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Effects of Manure.—Some effects of manure are as follows: 
(1) They make clay soils more porous, in better tilth and more 
easily worked. (2) They make sandy soils more retentive of 
moisture. (3) They improve the physical character of the soil 
and make it better suited for plant growth. (4) They supply 
nitrogen and other plant food. (5) They supply organic matter 
which may aid soil bacteria to fix free nitrogen. (6) They are 
lasting in their effects. (7) They increase the number of soil 
organisms and the ammonifying and nitrifying power of the soil.t 

1 Brown, Central Blatt Bakt. 1913, 523. 


CHAPTER XV. 


SOURCES AND COMPOSITION OF FERTILIZERS. 


When knowledge that certain elements are essential to plant 
life was first secured, the action of all these various elements were 
tested in practice upon soils in order to see which of these are not 
present in sufficient quantity. For example, at Rothamsted, plots 
are still fertilized with sulphate of magnesia. In the process of 
time, it was found that phosphoric acid, potash, and nitrogen were 
the substances needed for plant food, and a fertilizer is now gen- 
erally defined as a substance which contains phosphoric acid, 
potash, or nitrogen, or a mixture of them, and is used as an ap- 
plication to the soil to promote the growth of plants. A further 
requirement is that the potash, phosphoric acid, or nitrogen be in 
such forms as to be readily taken up by plants. The value of the 
fertilizer is based upon the amount of these three substances it 
contains. 

Fertilizers have other effects on the soil in addition to their 
supply of plant food. They may affect its acidity or alkalinity, 
its physical structure, etc. Substancés which contain little or 
no phosphoric acid, potash, or nitrogen, and are used upon the 
soil for other reasons, are termed amendments. Lime, for ex- 
ample, is an amendment. 

Nitrogenous Fertilizers.—Nitrogenous fertilizers are divided 
into two groups, inorganic and organic. ‘The two inorganic ma- 
terials, nitrate of soda and ammonium sulphate, may be directly 
assimilated by plants, though the ammonium sulphate usually 
undergoes some nitrification and is converted partly into nitrates. 
Organic substances, such as dried blood, cotton-seed meal, tank- 
age, etc., must first undergo changes in the soil, by which the 
nitrogen is converted into ammonia or into nitrates, or into 
oiganic compounds which can be assimilated by plants. The dif- 
ferent nitrogenous fertilizers have different agricultural values, 
depending on the readiness with which they can be assimilated. 

Inorganic Nitrogenous Materials——Nitrate of soda is found in 
the rainless districts of South America mixed with dirt and com- 
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mon salt, as deposits termed caliche. It contains on an average 
about 25 per cent. nitrate of soda. The best quality of caliche con- 
tains approximately 50 per cent. nitrate of soda, NaNO,, 26 per 
cent. common salt, 6 per cent. sulphate of soda, 14 per cent. dirt, 
etc., insoluble in water, and about 4 per cent. magnesium sulphate 
and chloride, with small amounts of sodium iodide. ‘The caliche 
is treated with hot water and the solution run into crystallizing 
vats. The crude nitrate of soda crystallizes out on cooling. 
Nitrate of soda is readily soluble in water, easily taken up by 


Fig. 70.—Nitrate of soda, partly blasted up. 


plants, and, unless taken up by plants, will be washed from the 
soil. It contains about 15 per cent. of nitrogen. It is often 
called Chile saltpeter. 

Sulphate of ammonia is a by-product obtained in the manu- 
facture from coal, of illuminating gas, and of coke. A part of the 
nitrogen of the coal passes off as ammonia, and is removed by 
passing the gas through sulphuric acid, forming sulphate of am-- 
monia (NH,),SO,. It contains about 20 per cent. of nitrogen. 
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Ammonia is fixed by the soil, and is not as available to plants as 
nitrates, or as easily washed out. It changes to nitric acid in the 
soil, and nitric acid and sulphuric acid unite with lime to form 
nitrates and sulphates. The use of ammonium sulphate tends to 
decrease the carbonate of lime in the soil, or to render the soil 
acid. 

Calcium Cyanamide——This substance is prepared by passing 
atmospheric nitrogen over calcium carbide. It decomposes slowly 


Fig. 71.—Crystallizing pans with nitrate of soda. 


in the soil, with the production of nitrates. Under the most 
favorable conditions, it appears to have a value equal to sodium 
nitrate, but if applied too soon before planting, or to acid humus 
soils, or in more than moderate quantities, it may have injurious 
effects. 

Organic Materials —The organic nitrogenous fertilizers cannot 
be taken up directly by plants but must first be converted into am- 
monia or nitrates. ‘Their value depends upon their content of 
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nitrogen, and the readiness with which they undergo decomposi- 
tion in the soil. 

Dried blood comes from the large slaughtering establishments, 
and is of two kinds, red and black. ‘The red dried blood results 
from drying at the temperature of boiling water, at which tem- 
perature it does not char. The black dried blood is dried at a 
higher temperature, and decays more slowly. Dried blood is one 
of the most concentrated organic nitrogenous fertilizers. It con- 
tains about II per cent. nitrogen. It decays quickly in the soil. 

Dried meat or meat meal is obtained from rendering establish- 
ments, where the different portions of dead animals are variously 
utilized. It is rich in nitrogen, and, like blood, decays rapidly. It 
also comes from slaughter houses where the waste meat is kept 
separate from the tankage. 

_ Dried fish or fish scraps come from two sources: first, the offal 
of fish canneries, and second, the fish pomace resulting from the 
extraction of oil from Menhaden or other fish. The latter pro- 
duct is more uniform than the former, containing 7 to 9 per cent. 
of nitrogen and 6 to 8 per cent. phosphoric acid. Fish unfit for 
eating may be caught, the oil extracted, and the residue prepared 
into fish guano. 

Tankage consists chiefly of the dried animal wastes from the 
large slaughtering establishments; to some extent it comes from 
the garbage plants of large cities. It is very variable in com- 
position, since it contains all parts of the carcass which cannot be 
used for other purposes—the bones, tendons, flesh, etc. Tankage 
varies so much that it is always sold in the trade on the basis of 
its composition, and each shipment is subjected to analysis. ‘It 
contains 5 to 10 per cent. nitrogen and 6 to 15 per cent. phosphoric 
acid. As a rule the fat and gelatine are removed by treatment 
with superheated steam. Garbage tankage is less valuable than 
slaughter-house tankage. It contains approximately 3 per cent. 
nitrogen and 1.2 per cent. each of phosphoric acid and potash. 

Cotton-seed meal is prepared by grinding the cake left from 
pressing the oil from cotton-seed kernels. It is one of the best 
vegetable fertilizers. It is an excellent cattle feed, and its most 
economical use takes advantage of both its.feeding and its fer- 
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tilizing values, by feeding the meal and saving the manure. It 
contains 6 to 8 per cent. nitrogen, about 1.5 per cent. potash, and 
2.5 per cent. phosphoric acid. 


Cotton seed have approximately one-half the fertilizing value 
of the meal. They contain approximately 3 per cent. nitrogen and 
1.2 per cent. each of phosphoric acid and potash. 


Linseed meal contains less nitrogen than cotton-seed meal. The 
demand for this product for feeding purposes makes it an ex- 
pensive source of nitrogen in fertilizers. 


Castor pomace is not useful as a cattle food, It is about as 
rich as linseed meal, and is a good fertilizer. It contains 5 to 6 
per cent. nitrogen and 1.0 to 1.5 per cent. each of phosphoric acid 
and potash. 


Bat guano is the excrement of bats, found to a limited extent 
in caves in Texas, Mexico, and Porto Rico. It is liable to spon- 
taneous combustion, the residue being known as bat guano ash, 
which is not easily distinguished from bat guano. Bat guano is 
variable in composition, ranging from a compound rich in nitro- 
gen to one rich in phosphoric acid. It contains from 2 to 12 per 
cent. nitrogen and from 1 to 8 per cent. phosphoric acid. 


Hoof and horn meal is a by-product from the making of var- 
ious articles from hoofs and horns. _ It contains about 14 per 
cent. nitrogen. 


Slowly Available Nitrogenous Fertilizers.—These materials give 
up their nitrogen very slowly, so that they often have little or no 
effect upon the crop to which they are applied. The nitrogen may 
be made more available by treatment with sulphuric acid. In 
many States the use of these materials in mixed fertilizers is 
prohibited. 

Leather scraps is a waste product from various factories, and 
is sold as raw leather, steamed leather, and roasted leather. It 
contains about 7 to 8 per cent. nitrogen. 

Hair is a product from slaughter houses, containing 9 to 14 per 
cent. nitrogen. 

Peat and muck may contain as much as 2 per cent. nitrogen. 

Wool waste is a by-product from woolen factories. 
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Availability of Nitrogenous Fertilizers — The nitrogen of nitrate 
of soda and ammonium sulphate may be taken up directly by 
plants, but the value of the other nitrogenous materials depends 
upon the rapidity and extent with which they become changed to 
nitrates and ammonia in the soil, or to organic compounds which 
may be absorbed by the plant. It is important to know the rela- 
tive values of these materials. ‘The measure of their value is 
the quantity of nitrogen which may be secured from them by 
plants under favorable conditions. This is termed availability. 

Availability is based upon value to plants in pot experiments. 
For the purpose of comparing nitrogenous materials, a_ soil 
decidedly deficient in nitrogen is selected, mixed thoroughly, and 
an equal quantity placed in a number of pots. Each pot then 
receives an equal and abundant amount of phosphoric acid, pot- 
ash, and lime if necessary. One set of pots (two or more) re- 
ceives no nitrogen. The others receive an equal quantity of nitro- 
gen, say 0.3 gram for example, in the form of nitrate of soda, sul- 
phate of ammonia, cotton-seed meal, or other substances to be 
tested. An equal number of seeds of equal weight are planted in 
each pot, and the crops are grown under the same conditions as 
regards moisture, air, light, etc. They are then harvested, and 
the quantity of nitrogen secured from each pot determined. This 
nitrogen comes from both soil and fertilizer. The quantity of 
nitrogen secured from the pots to which no fertilizer nitrogen 
has been added is subtracted from the others to ascertain how 
much nitrogen was secured from the fertilizer. The amount of 
nitrogen taken from one of the materials (usually sodium nitrate) 
is adopted as a standard (equal to 100), and the results expressed 
in terms of this. For example, if 0.250 gram nitrogen was se- 
cured from sodium nitrate by the plants and 0.180 gram from 
cotton-seed meal, the availability of the nitrogen of cotton-seed 
meal would be 0.250: 180:: 100: x, or equal to 72. 

Considerable care is required in the conduct and planning of 
experiments of this kind. Two or more pots must be used for 
each material. Nitrogen must be the controlling factor in the 
growth of the crop, and, in order to be certain such is the case, it 
is best to have several sets of pots with different amounts of nitro- 
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gen, such as 0.3, 0.6, 1.2 grams per pot for example. If nitrogen 
is the limiting condition, as it should be, the amount of nitrogen 
taken up by the plants will be in proportion to the quantity 
applied. If there are other limiting conditions, the series to 
which they apply should be rejected. 

Some workers have taken the weight of the crop as a measure 
of the availability of nitrogen, but since the object of the work is 
tovascertain what proportion of the nitrogen of the fertilizer can 
be taken up under the most favorable conditions, it is obvious 
that the amounts of nitrogen recovered is the only correct meas- 
ure. The nitrogen taken up by the crops is not necessarily in pro- 
portion to their weights. For example Johnson, Britton, and 
Jenkins? secured the following results with oats: 


Amount of nitrogen applied, grams.| 0.8 1.6 2.4 Bez 
Ratio of nitrogen.....---.-+-.+++--. 10.0 20.0 30.0 40.0 
Weight of crop grams------+---+-+-: ater 57-8 ANG] 7] 40.7 
Ratio of crop-----++-+++1 seo sees 10.0 18.0 9.0 13.0 
Nitrogen taken up (grams) ----.--- | 0.384 | 0.778 1.064 1.404 
Ratio of nitrogen taken up--------- | I0.0 | 20.0 28.0 36.5 


In this experiment, the quantities of nitrogen taken up are 
nearly in proportion to the amounts of nitrogen applied, but the 
weights of the crops are not. 


Conditions which Affect Availability—The conditions which 
affect nitrification also affect availability, since nitrification is an 
important process in the preparation of active nitrogen. The 
length of the growing season is an important factor; a long grow- 
ing season being relatively more favorable to the slowly nitrified 
materials. If a crop is grown and harvested and then a second 
crop grown without any addition of fertilizer nitrogen, the slowly 
acting nitrogen will appear relatively more effective than if one 
crop only is considered. For example, Voorhees found the avail- 
ability of fresh solid manure (compared with nitrate of soda 
equal to 100) to be 12 when one crop (oats) alone was considered, 
but 43 when the nitrogen in two crops, oats and millet, was taken. 

On account of the effect of the conditions of the experiment, 
and also on account of the error inherent in the method of work, 

1 Report Connecticut Exp. Sta., 1893. 
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considerable differences in the availability of the nitrogen of 
fertilizers are observed by different workers. The following 
table gives some determinations made on some ordinary nitro- 
genous materials: 


COMPARATIVE AVAILABILITY OF NITROGEN FERTILIZERS. 


Connecticut Station ! 
4 seasons. 1894-7 Wagner Pfeiffer 
3 years et. al., 1895-7 
Maximum 
_and Average Average Average 
minimum 

Nitrate of soda........---.-- 100 100 100 100 
Ammonium sulphate....-.--- — = = 87 
Dried sblOOd actin <iclsieicieteteneredere 60-78 69 69 85 
Cotton-seed meal ..-.....---- 72-87 71 — — 
ish Ws sicko bios 5 Aoreclc ttre 64-70 68 64 2 
Mkora(S soa! oasGaoog ope cooddS — wy) / (ir = 
1S(OsasEhaGGl Iaorortooce aooa cood cs 57-77 67 = aS. 
laKoyqnmnIeEN Gacemoos Oo00 Hace oe = zie 63 85 
Tankage ....-.-++2 eee eeeees 49-73 66 oat 66 
Castor pomace «-------+-+++--- 65-81 71 67 eS 
WAnSeed 11 Callcterenaterfenecretencrarers 69-74 70 25 a 
1 Reieil(esitotsreo aoa Hous COdu Gado 0.0-1.9 I 20 nas 
Dissolved leather......-.+--- 55-76 65 -- — 
Steamed leather-..------. +--+. 8.1-18.5 13 — _ 
Roasted leather .......-.---- 7.1-10.2 9 _ — 
Bilesh meals. sc ccrcreisteteheretcert a pas 54 ae 
Wiooll dist acmcrelsemetoemine siete = =e 33 ot 
(Sieaal sevolbbdao ObGo Hobe SOURS = = 68 ea 
Barn-yard manure .-..--...-.- — —- 32 46 
Barn-yard manure preserved 

with sulphuric acid......-- — os = 56 


Comparative Availability—The availability of nitrogenous fer- 
tilizers for different series of experiments made by the same in- 
vestigator exhibit considerable differences. Some workers have 
studied only the effect upon the first one or two crops, while 
others take into consideration the effect on several succeeding 
crops. The results of the Connecticut Station’ given in the table, 
were secured in three series of experiments with (1) corn, (2) 
oats and corn, and (3) corn, in 10 pounds artificial soil composed 
of coal ashes and 3 per cent. moss, the root and fertilizer residues 
remaining in the soil from year to year. A fourth series, with 

1 Connecticut State Station Report, 1897, p. 257. 
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oats and Hungarian grass was made on 25 pounds sandy loam. 
The results of Wagner were on small plots with summer rye, flax, 
summer wheat, and carrots, and are the average of 3 seasons. 
Pfeiffer and associates used 27 kilograms poor sandy soil, and 
the effect of the residues for two years was considered, which 
increased the value of stable manure decidedly. 

At the New Jersey Experiment Station’ experiments were 
made with out-of-door cylinders, 3 square feet surface area and 
4 feet deep, with corn, oats, and millet, oats and corn. Consider- 
ation of the second crop in each case increased the availability 
of manure decidedly. Root residues and fertilizer residues 
probably remained for succeeding crops, unless washed out dur- 
ing the winter. Some results are as follows: 


Guts | Caamet | ts | Tayscreny | epeeraee 
Ammonium sulphate -...- 72.9 77.9 go.2 69.7 65.9 
lOyavecl ly kororelsods co onoauon 58.5 61.3 68.4 64.4 60.7 
Fresh manure, solid...... 12.0 43.0 14.0 35-9 36.4 
Solid manure, leached....| 12.0 46.0 10.0 38.9 39.9 
Solid and liquid, fresh.... 58.0 88.0 40.0 53.0 49.1 
Solid, liquid, leached. .... 20.0 33.0 29.0 43.1 43.7. 


Biological Methods for Availability—Since organic materials 
must be transformed into ammonia and nitrates before being 
taken up by plants, the quantity of ammonia and nitrates pro- 
duced from a given amount of nitrogen in the soil, with not too 
short a period, may be used for comparing nitrogenous materials. 
The quantity of nitrates produced from 0.3 gram nitrogen in 500 
grams soil in 4 weeks varied with different soils, and was not in 
proportion to the value of the materials, but the quantity of nitro- 
gen converted into nitrates and ammonia was in proportion to the 
availability of the material. The following table* gives some of 
the results. 

1 Report, Igo01, p. 144. 
2 Voorhees and Lipman, Bulletin 221, New Jersey Station. 


3 Lipman and Blair, Bulletin 288, New Jersey Station. 
* Fraps, Bulletin 106, Texas Station. 


oe 
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Percentage of added nitrogen converted into 


Fertilizer 
; Nitrate 
Nitrates and amirionda 
Soil No. 75] Soil No. 77 | Soil No. 75 | Soil No. 77 
Cotton-seed meal.... ...-.-..----- 8.2 20.3 50.5 39.4 
INWeredleaenoas aoochu ogaccscocdoo recs 6.6 Deri 56.4 43.9 
BOne: << 2" tase atic to ane Sonate siekere eee terete 18.6 1720 20.7 23.9 
Bat guano. ..---2e+ eee ee eee ee eee 17.5 17.8 29.1 24.8 
JBp-co de an(jaPoaaad ogodnd soas ase ocadsE = 9.6 = 9.9 


Chemical Methods.—Chemical methods do not determine the 
relative availability of the material, but distinguish between sub- 
stances of high and of low availability. Three methods have 
been proposed : 

(1) Digest with pepsin hydrochloric acid, filter, wash, and 
determine nitrogen in the residue. 

(2) Digest? with neutral permanganate of potash in a boiling 
water bath, filter, wash, and determine nitrogen in the residue. 

(3) Distil with caustic soda and permanganate, and determine 
the ammonia which passes over. 


Each of these methods has its advantages and disadvantages. 
All the methods depend on differences in the resistance of the 
various materials to the reagents employed. 


Influence of Conditions on Availability—Various conditions 
affect the availability of nitrogen in fertilizers, such as acidity of 
soils, fineness of division of bone, etc. 


Wheeler? in an unlimed acid soil, found the availability of 
blood to be 45.5, and ammonium sulphate injurious, while on the 
same soil limed, their values were 90.3 and 45.5 respectively. 
Johnson, Jenkins, and Britton*, tested the availability of nitrogen 
in bone of different degrees of fineness; for meal less than 1/150 
inch, compared with nitrate of soda as 100, it was 11.3; 1/150 to 
1/50 inch, 8.5; and 1/25 to 1/50, 5.6. 

1 See Street, Report Connecticut Exp. Sta., 1911, Fertilizers, p. 9. 


* Bulletin 53, Rhode Island Station. 
* Connecticut State Station Report, 1897, p. 257. 
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Any agency which accelerates the transformation of organic 
bodies into assimilable compounds would increase the availability 
of the nitrogen. The temperature, nature of soil, and activity of 
the organisms in the soil would thus be of effect. 


Agricultural Value—The availability of a nitrogenous fer- 
tilizer is measured by the amount of nitrogen which plants can 
secure from it under the most favorable conditions. Availability 
does not necessarily represent agricultural value, or crop produc- 
ing power in the open field, since other factors enter in the ques- 
tion, some of which are as follows: 

(1) Kind of Season—In a very wet season, nitrate of soda is 
less useful than other forms because it is liable to be washed 
below the reach of the roots and lost altogether unless applied 
just when needed, or on a heavy soil. 

(2) Kind of Crop—Some crops grow and develop quickly, 
while others grow for a comparatively long period. Quick-act- 
ing fertilizers like nitrate of soda or ammonium sulphate, would 
be more effective on the former than organic fertilizers, which 
must undergo change before their nitrogen is available. The 
slower-acting organic materials would be better for plants with 
a long growing period, unless a number of applications of the 
quick-acting fertilizers are made. 

(3) Season of the Year—rThe change from organic nitrogen 
to ammonia or nitrate takes place more readily as the temperature 
approaches 98° F. Hence the organic materials would be rel- 
atively less effective for winter crops than for summer ones. A 
material which gives excellent results when applied to a crop 
during a warm and moist season, might be very unsatisfactory 
when the season is short, cold, and dry. 


Phosphatic Fertilizers —Phosphatic fertilizers are of two kinds, 
crude phosphates, and treated phosphates. 

Phosphates——The more important crude phosphates are bone, 
bone tankage, bone black, rock phosphate, apatite, and Thomas 
phosphate. Bat guano and guano ash also contain phosphoric 
acid. 

Raw bones consist of mineral matter, which is chiefly phos- 
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phate of lime, and organic matter, which is partly fat and partly 
ossein, a nitrogenous body. ‘The ossein decomposes in the soil, 
and increases the availability of the phosphoric acid of the bone. 
Bone contains 18 to 25 per cent. phosphoric acid and 3 to 5 per 
cent. nitrogen 


Raw bone meal is crushed or ground bone and its value depends 
largely upon its fineness of division. ‘The more finely it is 
ground, the more rapid its action. Bone meal is a good fertil- 
izer, but acts slowly. 


Steamed bone meal is made from bone which has been steamed 
to remove the fat and the nitrogenous matter, the latter being — 
made into glue or gelatine. ‘The steaming makes the bone soft 
and crumbly, and the phosphoric acid is more quickly available 
than in raw bone. Steamed bone meal contains 22 to 29 per 
cent. phosphoric acid and 1.5 to 2.5 per cent. nitrogen. 

Bone black is made by distilling or charring bones out of con- 
tact with air. It consists chiefly of phosphate of lime and char- 
coal, and is used for removing the coloring matter in the refining 
of sugar. It contains 32 to 36 per cent. phosphoric acid. Spent 
bone black is treated with sulphuric acid like phosphate rock. 


Rock Phosphates—Rock phosphates such as are used for 
manufacture of acid phosphate consist chiefly of calcium phos- 
phate, though they contain a small amount of iron and alumina. 
They are found in South Carolina and Florida as nodules, 
pebbles, or boulders, and in ‘Tennessee in veins and pockets. 
These rock phosphates range from 25 to 40 per cent. in phos- 
phoric acid. 

Rock phosphates containing excessive amounts of carbonate of 
lime or of oxides of iron or alumina, are not suitable for the 
manufacture of acid phosphates, though they may be used for 
direct application to the soil. The carbonate of lime consumes 
sulphuric acid, while the oxide of iron and alumina react with 
soluble phosphates, causing them to revert. ; 

Rock phosphate is used to a certain extent as a fertilizer. 
When ground very fine, so the particles may float in the air, it is 
known as floats. It does not act as quickly as acid phosphate, 
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and may give little results the first year. Some soil chemists? 
advocate the use of heavy applications of ground rock phosphate, 
together with liberal applications of manure or green crops 
plowed under, for staple crops like corn. According to the Ohio? 
field experiments, acid phosphate used with manure gives larger 
net returns than rock phosphate, and is a more economical source 


Fig. 72.—Mining pebble phosphate. 


of phosphoric acid than rock phosphate. According to pot 
experiments at the Rhode Island Station,*® the mixing of rock 
phosphate and manure resulted in no increase in available phos- 
phate acid. 
A patite—This is a crystallized calcium phosphate which occurs 
' Hopkins, Soil Fertility and Permanent Agriculture, p. 226. 


2 Circular 120, Ohio Station, Bulletin 260. See also Indiana Station 
Report, 1914. 
5 Bulletin 151. 
20 
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in quantity in Canada. The highest grade contains 40 per cent. 
phosphoric acid. 

Thomas phosphate is a by-product from the manufacture of 
steel from phosphatic pig iron. It contains 15 to 20 per cent. 
phosphoric acid in connection with large amounts of lime and 
oxide of iron. The phosphoric acid was believed to be present 
as tetra-calcium phosphate, but according to Morrison,’ it is a 
silica phosphate of lime and ferrous iron. ‘Thomas slag has its 
greatest effect upon soils rich in organic matter and poor in lime. 
It contains free lime, which may neutralize soil acids. It is a 
slow acting fertilizer, but is more available than rock phosphate. 

Acid Phosphate.—It has been found by experiment that treat- 
ment of phosphates with sulphuric acid exerts a powerful in- 
fluence upon their crop-producing power, and immense quantities 
are so treated for this reason. ‘The rock is first ground to a 
powder, and treated with approximately an equal weight of sul- 
phuric acid. The following reaction takes place: 

(1)*Ca,P,0, + 3H,SO, = 2H,PO, + 3CasQ,. 

(2). Case @x- An, PO l= 2Car 2.0... 

Mono-calcium phosphate soluble in water is produced from cal- 
cium phosphate. The calcium sulphate, or gypsum, unites with 
water and causes the mass to harden. On standing the following 
reaction may take place, di-calcium phosphate being formed: 

(2) 5Cali,PO, 4 "Ca P.O, = 26a, P.O,: 

This process is called reversion, and the di-calcium phosphate 
is termed reverted phosphoric acid. Reversion is also caused by 
the presence of iron and aluminium. ‘The reaction is not clearly 
understood but may possibly be as follows: 

(4)-2CaH,P,O, + FeO, = BPeyb.0; + Ca,H, P.O; eke 

The reverted phosphoric acid is assumed to have a value equal 
to water-soluble phosphoric acid. It is also termed citrate-soluble 
phosphoric acid, since it is dissolved by ammonium citrate in the 
chemical analysis of: the fertilizer. Reversion by iron oxide and 
alumina produces ferric or alumina phosphate, both of which 
contain the phosphoric acid in an insoluble form. Some alumina 
phosphates are, however, citrate-soluble. 

1 Jour. Agr. Sci., 1909, p. 161. 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 307 


Phosphoric acid is thus present in an acid phosphate in three 
forms—water-soluble, reverted, and insoluble. Free phosphoric 
acid may also be present. The insoluble is the phosphoric acid 
insoluble in water and in neutral ammonium citrate. It is either 
the original tri-calcitum phosphate of the untreated rock, or phos- 
phoric acid which has reverted to the insoluble condition. 


When the rock is treated with an excess of acid, some free 
phosphoric acid or sulphuric acid is present, which rots the bags 
and also causes the acid phosphate to be very sticky, especially in 
moist climates, so that it cannot be easily drilled in. 


Available phosphoric acid is the sum of the reverted and water- 
soluble. In speaking of an acid phosphate, the phosphoric acid 
referred to is the available. Thus, if we speak of a 16 per cent. 
acid phosphate, we mean that it is guaranteed to contain 16 per 
cent. of available phosphoric acid, regardless of the total quantity 
present. Acid phosphates contains 12, 14, or 16 per cent. avail- 
able phosphoric acid. ‘The 12 and 14 per cent. grades are often 
made by mixing dirt, sand, or limestone with the 16 per cent. 
phosphate. 


Acid phosphates may be made from phosphate rock, apatite, 
bones, bone ash, or bone black. Whatever the original material 
used, equal quantities of water-soluble or reverted phosphoric 
acid have equal values. That is to say, the water-soluble acid 
produced from apatite is equal in value, pound for pound, to that 
from bones. 


Dissolved bone should be a treated phosphate prepared from 
bone. It should contain 2 to 3 per cent. nitrogen. Dissolved 
bone black is prepared from bone black. 


Superphosphates.—Concentrated phosphates are prepared. for 
long distance shipments, when the saving of transportation will 
more than pay the extra expense of manufacture. High grade 
phosphate rock is treated with dilute sulphuric acid, with the pro- 
duction of calcium sulphate and phosphoric acid: 


CanGeO,) a sHssO, = 3CasO,.-- 2b PO, 
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The calcium sulphate is filtered off, the solution of phosphoric 
acid concentrated and then mixed with phosphate rock. 

Ca,;(PO,), -+ 4H, POg Gar ( PO, ).. 

2Ca;(PO,),. + 2H;PO, = 3Ca,H,(PO,).. 

The product contains 30 to 45 per cent. available phosphoric 
acid, depending on the degree of concentration of the acid and 
the kind of rock used. 


Availability of Phosphatic Fertilizers—vThe values of different 
forms of phosphoric acid are compared in the same way as nitro- 
gen, namely, plants are grown under such conditions that phos- 
phates are the limiting factor and a comparison made of the 
amounts of phosphoric acid taken up by the crops. 

The availability of phosphoric materials depends upon other 
conditions in.addition to the form of combination of the material, 
such as the presence of carbonate of lime or some other sub- 
stances in the soil, the fineness of the material, the nature of the 
plant, etc. The effect of these conditions has not been studied to 
a great extent. 


Potash Materials.—Potash is of relatively less importance than 
nitrogen or phosphoric acid, because potash is more abundant in 
the soil than either nitrogen or phosphoric acid, and, though 
larger quantities are removed, the potash is more likely to be re- 
turned. The potash taken up is most largely in the stems and 
leaves of plants, that is, the portion of the plant which is gen- 
erally returned to the soil either directly, or indirectly in manure. 
When the entire crop is removed, the loss of potash is large. 
Potash is a very necessary constituent of fertilizers for some soils 
and some crops. 

The chief commercial potash materials are tobacco stems, wood 
ashes, and the German potash salts, kainit, muriate of potash, and 
sulphate of potash. 

Tobacco stems are a by-product from tobacco factories. They 
contain 6 to 8 per cent. potash, 2 to 2.5 per cent. nitrogen, and 3 
to 5 per cent. phosphoric acid. They are used largely as an in- 
secticide, but may sometimes be secured for a sufficiently low 
price to allow their use as a fertilizer. 
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Wood ashes are variable in composition, and their value de- 
pends upon the kind of wood from which they are made, and 
whether they are leached or unleached. Hard wood yields the 
most valuable ash. Ashes exposed to the weather lose most of 
their potash by leaching. Unleached ashes contain 4 to 8 per 
cent. potash and about 2 per cent. phosphoric acid. 

Goessmann gives the following analyses of ashes: 


Average per cent. 

Unleached— 

JOG) teomenoeh como odoGboes 26cbboco OSCE 235) tO LO: 5-5 

Phosphoric acid.....-.-.......-.. setae 0.3 to 4.0 1.9 

NG TAN SW eed oa: hate. ya anor e oe weieheVole ROR RM emcnereere « 18.0 to 50.0 | 34.0 
Leached— 

JETS Clone pis OO OIE GAG ERA 5 bic Arc about 0.5 — 

ICIS. nih Baa a oO UPN Oe AOAC ee ebo oe about 40,0 — 

EOS MOLIC ACL oi wien ae) sir 2. 2. clsre a 010 olen about 1.5 a 


Since ashes contain carbonate of lime and carbonate of potash, 
they are especially beneficial to acid soils, or those needing lime. 
Coal ashes contain little plant food. 

Potash Minerals —Felspar, granite, mica, phonolite, and some 
other minerals contain potash, and their use has been proposed as 
fertilizer, but the potash is only slowly available to plants and the 
cost of grinding so high so that under ordinary conditions they 
cannot be considered practical sources of potash. 

Kelp—tThe ash of sea weeds, especially those on the Pacific 
Coast, is rich in potash. Cameron* estimates that dried kelp 
of the Pacific Coast averages 16 per cent. potash (K,O) and the 
beds already mapped could produce 1,500,000 tons of potash. 

German Potash Salts——The German potash salts are mined and 
concentrated in the region around Strassfurt, Germany, where 
they occur in immense beds at depths of from 1,500 to 2,500 feet 
below the surface. The important minerals found are as follows: 

Carnallite, KCl, MgCl,, 6H,O. 

Kainit, K,5O,, MgSO,, MgCl, 2H,O. 

Sylvinite, KCl, NaCl, K,SO,, MgCl,, 6H,0, MgSO,. 

Hartsalz, KCl, NaCl, MgSO,, H,O. 

1 U.S. D. A. Report, No. 100. 
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Carnallite, the chief source of potash, usually occurs mixed 
with rock salt and other minerals, and contains, as mined, about 
Q per cent. potash. Kainit, as mined, contains about 30 per cent. 
rock salt and about 12 per cent. potash. Sylvinite is a mixture of 
sodium and potassium chlorides, containing 14 to 18 per cent. 
potash. ‘he potash salts chiefly used in this country are kainit, 
muriate of potash, and sulphate of potash. 

Kainit, correctly speaking, is a mineral composed of sulphate 
of potash and magnesia, K,SO,, MgSO,, MgCl,, 6H,O. The 
term is also used for crude potash salts containing not less than 
12.4 per cent. potash, which may be crude kainit or mixtures of 
other crude salts. Since kainit is prepared from crude salts, no 
expense of manufacturing is attached to it. On the other hand, 
freight per unit of potash is higher than for the more concen- 
trated potash salts. At a distance from the mines, the freight 
cost is greater than the manufacturing cost, so that the concen- 
trated salts are cheaper. Since kainit contains chlorides, it is not 
suitable for use on tobacco or potatoes. Kainit is used as a 
preservative in saving stable manure, to check attacks of certain 
injurious insects, and as a remedy against cotton rust. 


Muriate of potash is a concentrated potash salt prepared from 
the crude potash minerals by solution and crystallization. Vari- 
ous grades are prepared, ranging from 70 to 98 per cent. muriate 
of potash, equivalent to 46.7 to 62 per cent. potash (K,O). 

Sulphate of potash is prepared by reaction between the muriate 
of potash and sulphate of magnesia, also found in the potash 
mines. ‘The two are mixed in solution, and the sulphate of pot- 
ash, being less soluble, separates out. Various grades are pre- - 
pared, containing 45 to 53 per cent. potash (K,O). 

2KCl + MgSO, = K,SO, + MgCl, 

Double Manure Salts—This is impure sulphate of potash con- 
taining 30 per cent. potash with considerable amounts of sulphate 
of magnesia. 

Forms of Potash—The compounds of potash used in fertil- 
izers are all soluble in water, and there is practically little differ- 
ence in their availability. Some forms are, however, better 
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adapted to some crops than others. Fertilizers free from chlor- 
ides are desirable for potatoes and tobacco, since chlorides make 
the potato less mealy and injure the burning quality of the 
tobacco. 

Salt.—Salt (NaCl) is used to some extent as an application to 
the soil, especially for asparagus. It contains no plant food but 
acts as an indirect fertilizer on some soils. It may replace potash 
in the indifferent ash of plants. 

Miscellaneous Fertilizing Materials —The analyses of some mis- 
cellaneous fertilizing materials are given in the table. Most of 
them are very variable in composition, but may furnish cheap 
sources of plant food. 


Sorc Nitrogen Potash 

Per cent. Per cent. Per cent. 
JRO EEO) GiGi) S660 ose slocoods boddoe 2.0- 3.0 2.0-2.5 6.0-10.0 
Tobacco stalks ..-........--.-2 eee 3.0- 4.0 2.0-2.5 4.0— 5.0 
Cured fish scrap...--.............. 2.5- 8.0 2.0-6.0 — 
Wool and horn waste .............. 2.0-10.0 4.0-6.0 I.0— 3.0 
Chicken manure, fresh... 6...0 0... I.0- 1.5 0.5-0.8 0.5- 0.8 
Chicken manure, dry --....... .-.-: 2.0- 3.0 I.0-1.6 I.5- 1.6 
Sewage sludge Setere iW ete tsie tea) ot mtecsye/ mia O.2 0.05 .05 
IVINTSSEUS thes lich <i ianelec stieistel-ish clei s.e sees = 0.9 0.12 13 
Serhiiteaslascssottoc cc ouosmonosoemecee — 2.0 Se 
Wood ashes OO CACROVO Ger Ss. cosh CHOI Cat tr OL 0.3- 4.0 -—— 25-1052 
NG CACHEAVASTIES ots evesercio-cysiccatel itis crete ere ToS === 0.5 
Kelp bacitiey driedistere siete oe [ole nte ls 13 2.0 1.6 
Ee lp, -Paciiies Wet «6 /in=\erieteiste ale oe 2 0.2 on 0.3 
Dried sewage sludge-.............. 0.7 2.2 19 


Radio-Active Substances.—Claims have been made that radio- 
active substances increase the effect of fertilizers. According to 
Hopkins and Sachs,’ an application of radium worth $100 per 
acre would have no material effect in the crop. Others state 
that even a larger application would not double the quantity or- 
dinarily in the soil. 

1 Tllinois Bulletin 177. 


CHAPTER XVI. 


PURCHASE AND USE OF FETILIZERS. 


Commercial fertilizers consist; first, of acid phosphate, cotton- 
seed meal, potash salts, and other commercial substances contain- 
ing plant food; and secondly, of mixtures of these substances, 
made to secure a product of a desired composition. ‘The mixture 
usually contains all three kinds of plant food, though a number of 
mixtures are on the market which contain only two, phosphoric 
acid and potash, or phosphoric acid and nitrogen. 


Mixed Fertilizers—Mixed fertilizers are of two classes—dry 
mixed and wet mixed. In dry mixing, the materials are weighed 
out, ground when necessary, mixed thoroughly, then passed 
through a screen so as to make them of uniform size. The nitro- 
gen is generally in two or more forms, one highly available, the 
others less so. A filler is added when the sum total of the in- 
gredients containing plant food do not make up the required 
weight to give the desired composition. Any substance which 
contains no plant food, or quantities much lower than the content 
of standard fertilizer ingredients, should be considered as a filler. 
The filler is usually sand or dirt, but sometimes objectional fillers 
are used, such as lime, or pyrite cinder, which contains oxide of 
iron. Small quantities of lime or limestone are sometimes used 
to dry the fertilizer. 

In wet mixing, the organic nitrogenous material is first mixed 
with the sulphuric acid, then the phosphate rock is added, and the 
mixture is dumped out and allowed to harden as in the manu- 
facture of acid phosphate. Potash salts or nitrate of soda, if 
either is used, is added while the product is being ground or 
otherwise prepared. In wet mixing, the nitrogenous material is 
almost completely decomposed and the nitrogen mostly is in avail- 
able forms.1 Street? found the following changes in the nitro- 
gen of one sample commercially treated in this way: 


1 Lathrop, U. SD: A- Bulletinc5s.. 
2 Report Connecticut Exp. Sta., I9II, p. 14. 
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After 
Before : 
treating bien dacs) 
Ammonia nitrogen «< 3-2. ---..-.--ee eee tween een eees 6.5 14.3 
Water-soluble organic nitrogen ..---.........-. -..0-. 7.8 S77 
Water insoluble organic nitrogen......------. +--+... 85.7 28.0 


In a pot experiment on oats and millet the treated nitrogenous 
material had an availability of 66 compared with that of nitrate 
of soda as 100, cotton-seed meal 47, hair waste 29, garbage tank- 
age 28, and peat 4. 


Guarantee of Fertilizer—A fertilizer is valuable on account 
of the quantity and kind of plant food it contains. The manu- 
facturer buys on analysis, that is, he pays on the basis of the 
chemist’s analysis of a fair sample of the shipment. The in- 
dividual farmer, or one who purchases on a small scale, cannot 
afford to pay for a chemical analysis and can tell little or nothing 
about the substance by inspection. Hence the laws of most 
States in which fertilizers are used, provide for a guarantee of 
composition, penalties for failure to deliver guaranteed ingred- 
ients, and officials who are charged with the inspection and analy- 
sis of fertilizers. The simplest guarantee consists of a statement 
of the guaranteed minimum percentages of the available or total 
phosphoric acid, the nitrogen, and the potash. ‘The total phos- 
phoric acid is guaranteed only with respect to bone meal or rock 
phosphate, which contain little “available”? according to chemical 
methods. 


In some States, the term ammonia is used instead of nitrogen, 
and in one or two States, phosphorus and potassium instead of 
phosphoric acid and potash. Otherwise the latter terms are used 
the world over. A varying guarantee, such as “2 to 3 per cent. 
potash,” is allowed in some States, but is not desirable. Other 
States require a guarantee of water-soluble and reverted phos- 
phoric acid. The use of the terms “potash as sulphate” etc., 
allowed in some States, is confusing to the average purchaser. 
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Commercial Valuation.—The commercial value of a fertilizer is 
the selling price of the plant food ingredients as determined by 
market and trade conditions. The agricultural value, or crop- 
producing power, often has no relation to the commercial or mar- 
ket value of the material. Thus it frequently happens that an 
element costs less in a highly available form than in a less avail- 
able form. Organic nitrogen may cost more than nitric nitrogen, 
while the nitric nitrogen is more available and would have a 
greater crop-producing power if properly applied. 


The commercial value is usually fixed by the cost of the plant 
food in the raw materials in ton lots at retail, and frequently at 
the seaboard. Cost of transportation must be added. Fluctua- 
tions in the values take place according to trade conditions. 


An illustration of the commercial value is as follows: Suppose 
that 14 per cent. phosphoric acid costs $16.80 a ton. A ton con- 
tains 14 20 = 280 pounds available phosphoric acid, so that 1 
pound costs 6.0 cents. This is the commercial or trade value. 


If the commercial valuation of phosphoric acid is 6 cents, 
potash 6 cents and nitrogen 20 cents, it does not follow that a 
pound of nitrogen will give an increase of crop worth 20 cents, 
or that a pound of phosphoric acid will give a 6 cent increase, or 
that the effect will be in that ratio. 


1915 
Cents per pound 
INitrocenminenitratesmepwcyys: accented ster. icrs secs) «lsieianedsreseiee 15.0 
Nitcowent 1 ammonia asdlts. ete eran cists. oad. ae wed alte 15.5 
Organic nitrogen in dry fish and blood and meat........ 22.0 
Organic nitrogen in cotton-seed meal and castor pomace 20.0 
Organic nitrogen in fine ground bone and tankage...... 21.0 
Organic titrogen-in) mixed fertilizers. .<...'/....s.00%sae. 19.0 
Organic nitrogen in coarse bone and tankage........... 17.0 
Phosphoric acid ‘soluble invwateta. oc. ..0. 2s... sasdee = 4.0 
Phosphoric acid soluble in ammonium citrate........... a5 
Phosphoric acid in fine bone and tankage............... 4.0 
Phosphoric acid in coarse bone and tankage and ashes.. 3.5 
Phosphoric acid in cotton-seed meal and castor pomace.. 3.5 - 
Phosphoric acid insoluble (in water and in ammonium 
Citrate) einiemixed @heriilizecncperr ei irc eerie 2.0 
Potash in high grade sulphate and in mixtures free from 
mtiriate (chloride) aemeecata. ea n-< < tr stcventeome en siete 0.5 
Potashiasem tia tens enh mmmraeran seisterchess > Ga cet ese lone ore 9.5 
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The preceding schedule of trade values is the one agreed upon 
by the Experiment Stations of Massachusetts, Rhode Island, 
Connecticut, New Jersey, and Vermont, after a careful study of 
prices ruling in the larger markets of the southern New England 
and middle States.* 

These trade values are, as nearly as can be estimated, the 
average figures at which, in the six months preceding March 1, 
1915, the respective unmixed ingredients could be bought at retail 
for cash in the larger markets (Boston, New York, etc.). They 
also correspond to the average wholesale prices for six months 
ending March 1, plus about 20 per cent. in the case of goods for 
which there are wholesale quotations. ‘The valuations obtained 
by the use of the above figures, it is claimed, will be found to 
agree fairly with the reasonable average retail price in the large 
markets of standard raw materials, such as nitrate of soda, sul- 
phate of ammonia, dried blood, cotton-seed meal, acid phosphate, 
muriate of potash, and sulphate of soda, etc. 

The valuations used in Texas? for the season of 1916-17 are 
as follows: 


Cents per pound 
Av ailablex phospho neracid, sinccci is coke. Sass sda etoe ace 6 
Total phosphoric acid in bone and tankage............ 
‘Nitrogen in mixed fertilizers, bat guano and cotton-seed 


CTYEH USS! aes 9 lest” Bioeth Rens Ey OR rer YAS, 20 
INitGO Senta e are weit Rye e Fo. eke epee 19 
IEXOUAISI ae sits & 6 of Since Oot RTA Res ae Oa aE Po RIOR Com oot 6 


The valuation of nitrogen in Texas depends largely on the 
cost of cotton-seed meal. 


Calculation of Commercial ValuationTwo methods are used, 
namely, the pound method and the unit method. 

(a) The Pound Method.—Calculate the number of pounds of 
each ingredient per ton and multiply by the cost per pound. For 
example, in an 8.00 - 1.65 - 2.00 fertilizer: , 


OOS <2 COOl—n1O0; pounds) <= (Olcentsmn yee = $9.60 
G.0105 >< 2:0001— 33) pounds: <X\20centsY=s pee =  +6,60 
01028 21000) ——-A0) pounds! 5<) Ol centsaee renee ==" 2/40 

Valuation per tot. 55)... sacar conte $18.60 


' Report Connecticut Exp. Sta., 1915, p. 9. 
2 Texas Station Bulletin No. 176. 


n 
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(b) The Unit Method.—-A unit is I per cent., and I per cent. 
of a ton is 20 pounds. Hence 20 times the value of a pound gives 
the value of a unit. To calculate the valuation, multiply per- 
centage by value per unit. With nitrogen at 20 cents a pound, a 
unit costs $4.00. With potash at 6 cents, the unit costs $1.20. 
Using the example given above: 


SiO ee OD TONS. ar ee IE eS hip ocho e wcie a w aidaens =~. $0:60 
THOS OR ALOO Ns creo ie re INTE eich cco rsveve avene: Stela eels sar = Orc 
BO. OC 9 20s ee re cic ABS cincc sch ak =" 20 

ValudtiaimecmtOG .o. oc 6d cis oa o's oe $18.60 


The Meaning of Commercial Valuation—vThe valuation of a 
brand of fertilizer by the State Fertilizer Control does not repre- 
sent its proper selling price at the point of consumption. Neither 
should it be inferred that the ingredients in the brand in question 
have of necessity the commercial value indicated. It may be 
greater or less than is shown. The valuation system is based on 
the assumption that all brands compared are solely of high grade 
ingredients, an assumption which may be erroneous. ‘Valua- 
tions” should not be construed as showing the commercial worth 
of a given fertilizer, but the retail trade value at the seaboard, 
of amounts of nitrogen, phosphoric acid, and potash, equal to 
those contained in a ton of the brand in question, in unmixed, 
standard raw materials of good quality. 

Valuations thus construed, while not infallible, are helpful: 

(a) To show whether a given fertilizer is worth its cost from 
the commercial standpoint. 

(b) As a common basis on which to compare the commercial 
value of different brands, enabling buyers to note whether prices 
asked are warranted by values contained, and aiding buyers to 
secure the most value for the least money. 


Agricultural Value.—The agricultural value of a fertilizer is 
measured by the value of the increased crop produced by its use. 
It is variable, depending upon the availability of the constituents, 
the value of the crop, the needs of the soil, weather conditions, 
etc. For example, the agricultural value of a pound of water- 
soluble phosphoric acid is likely to be greater than that of an 
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equal amount of insoluble phosphoric acid, when used under the 
same conditions, because it is much more easily used by plants. 
But the water-soluble phosphoric acid may produce an increased 
yield of a crop on some soils and still not cause an increase in 
value sufficient to pay the cost of the application, while on 
another crop the application may result in a very great increase in 
value. On a soil which needs phosphoric acid its use may be 
profitable, while on one which does not need this form of plant 
food, it will have no effect. A fertilizer may produce a com- 
paratively small effect upon a crop of high selling price, and yet 
be profitable; while on a crop of low selling price the increase 
may not offset the cost of the fertilizer. 


Basis of Purchase.—Large sales of fertilizing material are 
usually at a certain price per unit. A unit means I per cent. 
on the basis of a ton. That is 20 pounds. For example, $1.00 
per unit for phosphoric acid would be $1.00 for 20 pounds, or 5 
cents per pound. 

The ton basis of purchase is used for the sale of manufactured 
fertilizers. The purchaser must consider the guarantee, and val- 
uation of the fertilizer before purchasing. For example, suppose 
fertilizer A is offered for $21.00 a ton, and fertilizer B for $24.00 
a ton: 


A B 


Femcentw| bet ceric, 


Nitrogen a ee ee tates Peet ES RP tas chectclic! fe) dvs seve eS, (r'e chats 1.5 2.00 
Available phosphoric acid..-.----..-+ss esse eee eens 6.00 8.00 
Pots lars core atest roe cuete tn erst mars: sccheesesausies.<'s,e A ir 10 I.00 2.00 


Taking the valuations given elsewhere, we have the following: 


A B 
Nitrogen (20 cents per pound) ..-. +... +--+ +++ eee $6.00 $8.00 
Available phosphoric acid (6 cents) ------+-++-+++++--: 7.20 9.60 
Potash (6 Cents) +... 2202. cee cee cece ee serene cere ne T.20 2.40 
Utes AoSaco odo coos dodouopU emUOeOde ooo OoDoms $14.40 $20.00 
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There is thus a difference of $3.00 in the price and $5.60 in 
the valuation.’ Fertilizer B contains more value for the money. 
But the purchaser must consider the needs of his crop and his 
soil also, and not seek to secure merely the most value for the 
least money. 

Home Mixing of Fertilizers—By home mixing of fertilizers, 
we mean the purchase of the ingredients, and mixing them in the 
proportions to form the fertilizer desired. The preparation of 
acid phosphate from phosphate rock, or the grinding of bones or 


Fig. 73.—Instructing negro students in the home mixing of fertilizers. 


other hard material, is most economically conducted on a large 
scale. In home mixing, then, we simply mix the ingredients 
which have already been prepared by grinding or otherwise. 

The operation is very simple, the apparatus required being a 
clean floor, one or two shovels, and a sand screen, with meshes 
of about 4 to an inch. ‘The materials are first weighed out, one 
by one, and piled on the floor, any large lumps being broken down 
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with a shovel. The pile is then shoveled over several times, and 
the mixture passed through the screen. Any lumps which fail 
to pass the screen are beaten up, and added to the mixture. The 
mixture is then shoveled over several times moré. It is possible 
to prepare the mixture without any screen, but better results are 
secured with it. 


The question whether home mixtures equal factory mixtures 
has been studied by a number of Experiment Stations in the fol- 
lowing way: Samples of mixed fertilizer prepared at home were 
secured, and examined as to mechanical character, and the chem- 
ical composition was compared with that calculated from the 
amount and composition of the ingredients used. The mechanical 
condition was, as a rule, good and the chemical composition did 
not vary to any greater extent than the factory mixed goods 
as sold on the market. The New Jersey Experiment Station* 
says that it amply demonstrated in 1893, and corroborated 
in 1894, that farmers, with their ordinary farm appliances, can 
prepare mixtures that compare very favorably with purchased 
mixtures, both in mechanical condition and chemical composition. 
The Vermont and Maine Experiment Stations make similar 
statements. The Ohio Experiment Station® compared factory 
mixed goods with ready mixed goods in field experiments, on 
corn and wheat and found that the home mixed goods gave as 
good results as the factory mixed, or better. The New Hamp- 
shire Experiment Station® secured a similar result on potatoes. 
These experiments show that complete fertilizers can be pre- 
pared by home mixing, which are equal in every respect to the 
purchased article. It might sometimes happen that a mixture is 
difficult to prepare, owing to the fact that the materials have be- 
come lumpy and hard to beat up, but this is the exception and not 
the rule. 

Whether or not it is profitable to make home mixtures depends 
upon the conditions. It is certainly more economical to buy the 

1 Bulletin No. 113. 


2 Bulletin No. 100. 
* Bulletin No. 111. 
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unmixed materials in large lots for cash, and make mixtures, 
than to purchase mixed goods at retail, especially at credit prices. 
In this way one can secure somewhat more plant food for $20.00, 
than can be secured for $30.00, in a mixed fertilizer. The Ex- 
periment Stations of New York, Connecticut, New Jersey, North 
Carolina, and other States have demonstrated this to be a fact. 
When the unmixed materials are purchased in small quantity, at 
retail, it may or may not be profitable to make home mixtures. 
One can easily decide this question for himself by securing prices 
on mixed goods, and calculating the amount he would have to 
pay for the unmixed materials to make the same mixture. 


Mixed fertilizers purchased direct from the manufacturer in 
carload lots may often be secured more cheaply than the home 
mixture can be made, since the cost of mixing is less to the manu- 
facturer, who has appliances for economically handling large 
quantities. 


It may be said further in favor of home mixtures, that one can 
know exactly what ingredients are used, whether they are of high, 
medium, or low grade. It is also easy to vary the mixture as de- 
sired, and to test the effect of different combinations upon the 
soil. 

It has been objected to home mixing that the materials may not 
always be easily secured and that the mechanical condition is not 
as perfect as in the commercial mixed fertilizer. Mixed fertil- 
izers are widely distributed and easily secured. : 


Calculating the Ingredients of a Mixture——The calculation: of 
the ingredients to make a fertilizer of a desired composition, is a 
simple mathematical matter. It is necessary, of course, to know 
the composition of the ingredients to be used. Suppose it is 
desired to make a fertilizer containing 8 per cent. available phos- 
phoric acid, 2 per cent. nitrogen and 2 per cent. potash, using acid 
phosphate containing 14 per cent. available phosphoric acid, 
kainit containing 12 per cent. potash, and cotton-seed meal con- 
taining 7 per cent. nitrogen, 2 per cent. available phosphoric acid, 
and 1.5 per cent. potash. 

The desired fertilizer would contain, in 1,000 pounds, 80 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 321 


pounds available phosphoric acid, 20 pounds nitrogen, and 20 
pounds potash. 

Since 1 pound cotton-seed meal contains 0.07 pound nitrogen, 

it would take 20 ~ 0.07 = 286 pounds cotton-seed meal to fur- 
nish 20 pounds nitrogen. This 286 pounds would contain also 
286 X 0.02 = 5.7 pounds phosphoric acid and 286 X 1.5 = 4.3 
pounds potash. 
‘The 80 pounds available phosphoric acid required, less 5.7 
pounds, in the cotton-seed meal, leaves 74.3 pounds to be secured 
from the acid phosphate. 74.3 + 0.14 = 531 pounds acid phos- 
phate. 

The 20 pounds potash required, less 4.3 pounds in the cotton- 
seed meal, leaves 15.7 pounds to be secured from the kainit. 
15.7 — 0.12 = 131 pounds kainit. 

Then the desired ingredients to make 1,000 pounds of the 
fertilizer, would consist of : 


Pounds 
CWomon-Sscedmmea ley wa wees entotoen cratiohoieeiss shea cae 286 
JNGKal (MOR DINENS Si polcotee pactce Dome tb Choad 4 Ue RD Co 6 531 
[GiB ANTE, «Sic Blea noe Saas COLDS GT ee eee ee 131 
“Life pei OA ey. hag eed oad co ee 948 
ecm erate CORA hic Nettie os «5/34. 52 
1,000 


It would thus be necessary to add 52 pounds filler to make the 
desired composition. 

The ingredients for other fertilizer mixtures may be calculated 
in a similar way. In factory work, it is necessary to allow for 
variations in the composition of the ingredients by providing for 
a slight over-run. Otherwise, some of the mixtures may fall be- 
low guarantee. 

Incompatibles in Fertilizer Mixtures.—Certain materials should 
not be mixed in making fertilizers, for the following reasons: 

(1) Chemical reactions take place which result in the loss of 
nitrogen in the form of ammonia. For this reason, ammonium 
sulphate, guano, or barnyard manure should not be mixed with 
lime, ashes, or Thomas slag. 

(NE) OF; Ca(OH), = 2NH, -CasO, -—'2H,0. 


21 
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(2) Chemical changes convert the phosphoric acid into less 
soluble forms. Acid phosphate should not be mixed with Thomas 
slag, lime or ashes. 

Cali, (P02), > Ga. Ca, HH, (PO,)3 4 EEO: 

With an excess of lime, the tri-calcium phosphate will be 
formed. 

Lime is, however, sometimes mixed with moist acid phosphate 
to improve its physical condition, so that the resulting mixture 
may be applied with a fertilizer drill. 

(3) Certain mixtures will harden or cake and thus become 
difficult to distribute if kept for some time after mixing. Hence 
they should be applied soon after mixing. ‘This applies to mix- 
tures of lime or Thomas slag with potash salts, nitrate of soda, 
and kainit. 


Conditions which Modify Use of Fertilizers——These are: (1) 
Deficiency of soil; (2) Value of crop; (3) Character of crop; 
(4) Kind of rotation. 

Deficiency of Soil—A knowledge of the nature of soils with 
respect to the deficient elements is important, in order that those 
elements which are present in abundance may not be added to, but 
that they may be supplemented by such quantities of the deficient 
elements as to permit maximum profitable crops. This matter 
of soil deficiencies has been treated elsewhere. 

An opinion as to the deficiency of the soil may be based on: 

(a) The chemical composition of the soil. 

(b) The behavior of the crop. 

(c) Previous experience in the use of fertilizers. 

(d) Field tests to ascertain needs of the soil. 


The value of the crop is of importance in deciding the profit- 
able application of fertilizers. Crops may roughly be divided into 
two classes: the first class have a relatively low commercial value 
per acre, the second have a high commercial value per acre. 

Wheat, corn, oats, cotton, etc., belong to the first class. These 
crops remove large amounts of plant food in proportion to their 
value. For example, a ton of wheat removes 38 pounds of nitro- 
gen, 19 pounds phosphoric acid, and 13 pounds of potash: With 
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Fig. 74.—Corn grown (A) continuously, (B) in five year rotation. 


Minnesota Station. 
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nitrogen at 20 cents and phosphoric acid and potash at 6 cents, the 
value of this plant food would be $9.50. Wheat at $1.00 per 
bushel would bring $33.33 per ton. The value of plant food in 
the grain is thus nearly one-third the selling price of the crop. 
Economy in the application of fertilizers is essential to profit 
with such crops. Nitrogen should be secured as much as possible 
from the air by legumes. Applications of fertilizers should be 
based largely upon the needs of the soil. 

Onions, asparagus, melons, cabbage, and tomatoes, are ex- 
amples of crops which have a high value per acre. Such plants 
may be fertilized liberally, since the cost of even large applications 
of fertilizers is small in proportion to the value of the crop. 
Manure or legumes turned under should also be used on account 
of their beneficial effect on the soil. 


Character of the Crop.—Plants vary in the quantity of plant 
food needed and in their ability to secure it. The season of 
growth is also of significance, since plants growing during the 
cooler period of the year are supplied with less nitrogen by the 
soil than those growing during the warm season. 


While each plant possesses individual characteristics which 
distinguish it from others, they may be divided into groups which 
have somewhat similar characteristics, particularly as regards 
method and time of growth and their capacity for acquiring food 
from soil sources. 


The cereals have a wide root growth and are able to acquire 
food from insoluble phosphates and potash readily. As, with the 
exception of Indian corn, their development takes place early 
in the summer before conditions are favorable for rapid nitri- 
fication, they are particularly benefited by nitrates. Corn does 
not usually require as large proportions of nitrogen as of mineral 
constituents, as its growth is made in the summer while the con- 
ditions are very favorable for nitrification. 


The grasses resemble the cereals in their power of acquiring 
mineral food and are also benefited by application of nitrogen. 

The clovers readily acquire mineral food, and also take nitro- 
gen from the air. 
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Root crops (beets, mangels, turnips, carrots, Irish and sweet 
potatoes) cannot make ready use of the mineral constituents of 
the soil. Phosphates are especially useful for turnips, while beets 
and carrots require more nitrogen. Potash is particularly useful 
to potatoes. 

Market garden crops have a high commercial value with a low 
fertility content. Hence they can be profitably supplied with an 
abtindance of plant food. This supply also increases rapidity of 
growth, which is desirable, as the price is often in proportion to 
their earliness. 

Fruit crops have a longer season of preparation and growth, 
and require a constant transfer of food from the tree to the fruit 
during the growing season. Food that will encourage a slow and 
continuous growth, rather than a quick one, is required. 

The Kind of Rotation—The order in which the crops 
follow one another in rotation, the kind of crop previously grown, 
and the treatment given it, are factors in intelligent fertilization. 
If the previous crop is a legume, and has left considerable 
residues, the succeeding crop stands less in need of nitrogenous 
fertilizers. A crop succeeding an exhaustive crop not liberally 
fertilized, may require liberal applications of plant food. The 
further removed the crop is from the legume crop, the greater 
its probable needs of nitrogenous fertilization. 


Effect of Phosphoric Acid, Potash and Nitrogen on Plant 
Growth.— While the entire plant requires all forms of plant food, 
it may be said that nitrogen and potash stimulate the growth of 
leaves and stem, and phosphoric acid stimulates ripening of the 
fruit. An excess of nitrogen tends towards a large development 
of leaf and late maturity. Thus at Rothamsted, on the wheat 
plots which receive nitrogen and potash but no phosphoric acid, 
the grain hardly ripens at all. The use of phosphoric acid, how- 
ever, hastens the maturity of the plant. 


Fertilizer Experiments.—A great number of fertilizer experi- 
ments have been carried out by Experiment Stations, and other 
investigating agencies. The plans of the experiments vary a great 
deal, according to the crop to be tested, the information desired, 
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etc. The fertilizer is applied to plots varying from 1/50 to 1/2 
an acre, but generally of 1/10 to 1/20 acre. The effect of the 
different applications is measured by the weight of the product 
on the different plots. The only variable should, of course, be 
the fertilizer. All other conditions should be the same for all 
the plots. The crop, however, is subject to other variables, such 
as differences in soil or subsoil, in stand, damage by insect pests, 
nearby trees or fences, etc. The best results are secured when 
the experiment is carried out on the same land for a number of 
years to eliminate seasonal differences. It is also well for plots 


Fig. 75.—Tobacco, fertilized (A), and unfertilized (B). Ohio Station. 


to be repeated a number of times in order to eliminate error due 
to inequalities of the soil. 

In order to study the effect of variable soil on the crop, several 
experiments have been made in which a field of apparently uni- 
form soil, bearing a crop under similar conditions in all parts, has 
been subdivided and harvested in separate small areas. Com- 
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parison shows the differences between these, and combination and 
comparison shows the differences of larger areas. For example, 
Morgan! selected a strip of land 11214 feet wide apparently uni- 
form in texture, etc., which was planted in wheat first and then 
corn. It was measured off in strips 15 x 112% feet, (about 1/25 
acre) and the wheat or corn harvested separately from 63 plots 
which should thus be all alike. With the average yield at 100, 
theawheat crop varied from 65.0 to 130, and the corn crop from 
42.3 to 169.3. 

The plot yielding the lowest with wheat gave an average yield 
with corn, the highest with wheat gave 88.5 with corn. The plot 
lowest with corn was 113.7 with wheat, and the plot highest with 
corn was 100.4 with wheat. ‘hus the differences were not in the 
same direction with the two successive crops. Assuming that the 
theoretical yield depended upon the distance from the check plot, 
the following average errors were found: 


Average Average 
error error 


Wheat Corn 


Per cent. Per cent. 


IBNIEIAY ILO FIO uC NSCs Gaon cdn soeo bore oood Cano cone 8.3 2351 
Every 5th plot AMET eaetelapetetetatatare ere cie vine oie aie. 6 evokes are. eieite 8.4 E5e7; 
Every 3rd plot PMC TG Chew arstarer ers oteetal aia leva cleinrs af siioueie' stove ate she 6.4 15.7 
Pyeng atl platy ay CHECK aie cr ctien- acne aed eles © a lerajni 5.6 ite 


Assuming different treatments for the plots, the average and 
maximum error was found to be as follows: 


Average error Maximum error 
Wheat Corn Wheat Corn. 

Percent. Per cent. | Percent. | Per cent. 
Every plot different treatment.....-. 12.4 a1°7, 64.0 158.1 
Every I2th plot the same ......... 5-9 4.7 Teles 15.7 
Every 6th plot the same ..-........ 5.8 BO) 7.6 II.o 
Every 2nd plot the same.......... 5.0 22) 3.8 INeI5) 


1 Proc. Am. Soc. Agri., 1909. Seé also Lyon, ibid., 1910, p. 35-38. 
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This experiment shows the great variation in the produce of 
two crops grown under apparently the same conditions in a field 
apparently uniform. It also shows that the error resulting from 
variations may be reduced by using a sufficient number of check 
plots, and by repeating the treatment on different plots. Great 
care must, therefore, be exercised in planning and conducting field 
experiments. 

A similar experiment is reported by Smith from the Illinois 
Experiment Station, on 120 one-tenth acre plots of corn all treated 
alike for three years. In 1895 the yield varied from 11.4 to 50.2 
bushels per acre, im 1896 from 48.5 to 103.9, and in 1897 from 
44.2 to 80.2 bushels. The lowest yield in 1897 was on the plot 
which gave the highest yield in 1896. ‘The maximum variation in 
adjoining plots was 18 bushels in 1895, 11 bushels in 1896, and 8 
bushels in 1897. 


Precautions in Making Fertilizer Experiments.—The following 
are some of the precautions" to be used: 

(1) The greatest care should be taken to select land which is 
as uniform as possible in fertility. Lack of uniformity will give 
misleading results, and often render the experiments of little 
value. 

(2) Level land should be selected if possible. If such cannot 
be had, the plots should run up and down the slopes, so that the 
washing by rain will not carry fertilizing materials from one plot 
to another. 

(3) The experimental plots should be measured off carefully, 
and each plot indicated by stakes or stones. 

(4) It is best to have the experimental plots long and narrow, 
because thus they will average up for uneveness of soil. 

(5) It is best to separate plots by paths, to prevent roots of 
plants in one plot from feeding on the fertilizer supplied to ad- 
joining plots. 

(6) Avoid windy days in applying fertilizers, so that they may 
not be blown and scattered unevenly over the plots. 


' Thorne, Circular 96, Ohio Exp. Sta. 
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(7) All the plots must be treated alike in every respect, except 
as to the amount and kind of fertilizer applied. ‘The same kind 


Fig. 76.—Plots for a fertilizer and rotation experiment, four sections of 40 
plots each. The plots marked (X) are check plots. Ohio Station. 


and quality of seed must be used over the entire area. ‘The 
plowing or sowing on all the plots must be done the same day. 


Se) ee PRINCIPLES OF AGRICULTURAL CHEMISTRY 


If part of the crop be planted before and part after a rain, the 
experiment may become valueless. Every precaution should be 
used to secure a full stand of plants, and if a uniform stand is 
not secured at the first planting, the whole field should be re- 
planted. The same number of rows should be arranged on each 
plot, and the same number of-hills and plants in each row, as 
nearly as possible. Thé plots should be plowed and cultivated 
alike, and whatever operation is needed on one experimental plot 
should be carried out uniformly on all the plots. 

(8) The harvesting of the crop and weighing of yields must be 
accurate. A small mistake is multiplied many times when cal- 
culated to an acre. 

(9) Provide liberally for check plots, and for plots on which 
repetition is made, so as to allow for inequalities of the soil. 

At the Rhode Island Station,’ the plots are 193.6 feet long by 
30 feet wide, with 3 foot paths between, and roads at the end. 
Before the final harvest, the crop from a strip of land 3 feet 
wide on the sides and 6 feet wide at the ends, is cut and re- 
moved, this leaving exactly one-tenth acre to be harvested. This 
arrangement eliminates the error due to greater growth on the 
edges of the plot. 

The importance of continuing field tests several years is shown 
by Thorne.? The results from the first year test on wheat is 
quite different from the 10-year average: 


_ Increase + and decrease — 
in yield of wheat in bushels 
per acre. 
Addition 
First year Average 
1894 for 10 years 
bushels bushels 
Acid pl osp Walbe eae «ee petevaels eyereram et teeeteret eet eka ete 25/8 ALG e 
Potassitam Chloride Werei-ie: «cts cil fote ot eretaienel erste ore 5.6 see yon 
Sodium nitrate) <'.-<2:f¥s\s\scasra orev agatela ule eeapeneiomecetae' se —T oT ere 
Acid phosphate and nitrate soda -.-++---....--. —4.7 +1I.4 
Acid phosphate, potash and nitrate............. —0.4 +14.8 


1 Report for 1go4. 
? Ohio Circular No. 96. 
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He also shows the effect of the fertilizer to increase from year 


to year, as per the following results on a plot receiving a complete 


fertilizer. 


Bushels per acre 


Averdve 3 years -.--.--+- sess eeeeee 


Average 6 years 
Average 9 years 


Sais aldlielelelellel(Sialujie's’ | mis ©/as © ae 6 0 6c.e cece eoes 


er ey 


Corn Oats 
8.5 21 
Tle 14.5 
15.2 18.0 


Thorne’ corrects for variations in the soil by assuming. that 
variations in fertility are regular from one check to the next. 
The difference between this method and the method of deducting 


Fig. 77.—The same fertilizers give the same increase if the land decreases 
regularly (C D) from the checks, but not if the average of 


the checks (A B) is deducted. 


Ohio Station. 


the average of all plots, is well brought out in Thorne’s diagram. 
This represents four plots fertilized alike and three check plots. 
The increase in the average crop is regular if the soil varies uni- 
formly, but the results are unconsistent if the average yield of 
the plots are deducted. 

1 Circular 96, Ohio Station. 


332 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


Examples of Fertilizer FExperiments.—The oldest and most 
famous fertilizer experiments are those at Rothamsted, England. 
Other important, long continued field experiments are those of 
the Ohio Experiment Station at Wooster, the Rhode Island 
Experiment Station, at Kingston, the Pennsylvania Experiment 
Station at State College, and the North Carolina State Board of 
Agriculture at Statesville, Red Springs, and Edgecombe, North 
Carolina. 


Fig. 78.—Experimental plot at the University of Nebraska. 


The Rothamsted experiments were begun in 1848 and are 
important not only for having been long continued under the 
same plan, but also for the other valuable scientific studies made 
there. ‘The Rhode Island Experiments are most important for 
their bearing upon soil acidity. The Ohio’ experiments are very 
significant as regards rotation and manure. 

The Rothamsted experiments comprise seven experimental 
fields, (1) crops grown in rotation, (2) wheat continuously 


! Bulletins 110, 182, 183 and 184. Circular 120. 
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grown, (3) wheat alternating with fallow, (4) barley continu- 
ously, (5) potatoes continuously, (6) hay continuously, (7) 
experiments on root crops. Most of the plots are about % acre 
each. The plots are very long and narrow and separated by 
paths. 

The following is part of the plan of the wheat experiments on 
Broadbalk field’ with some of the results. 


Average bushels 


Plot Application wheat, 51 years, 
1851-1902. 
2 Manure, I4 tOms -------.0sece cece ceccee cc eeee voce 2507 
3 Nothing. ..-.-. eee ee cee cece cece cere ee cece ee cee Tet 
5 WTS ASA «1 eis: siete wieisalal-lolelelemtsloleleisy (> oe se +e se 5e ewe 14.9 
6 Minerals and 43 pounds nitrogen as ammonium 
sulphate ......ceeecceree cree ene ccce cere cecees 24.0 
7 Minerals and 86 pounds nitrogen as ammonium 
sulphate OB CRB EOO CO Aa.0 ODDO 0.0 OCCU EEE aeRO 32.9 
8 Minerals and 129 pounds nitrogen as ammonium 
sulphate eR aAiey anole) sieicicislateleistousiets:s)s)e-<'s sie sie, 0;eielens Rae 
9 Minerals and 43 pounds nitrogen as nitrate of soda. (27-3) 
Io 86 pounds nitrogen as ammonium sulphate.--.---. 20.7 
II 86 pounds aeaeeen as ammonium ep enete and acid 
phosphate - - ae 56 neO/B! DODNaooc 24.0 
12 Same as II, plus sulphate of soda soba dmoagugudse 30.0 
13 Same as 11, plus sulphate of potash ..--.---------- Bias 
14 Same as 11, plus sulphate of magnesia.--...--.---- 30.1 
15 Mineral plus 86 pounds nitrogen as ammonium 
sulphate (applied in autumn) ---..--------+-++-- 3.06 
16 Minerals plus 86 pounds nitrogen in nitrate of soda. — 
17 Minerals alone or 86 pounds nitrogen as ammon- ) | { Lean 
18 ium sulphate alone in alternate years ---.----- Neat 40.4° 
19 92.6 pounds nitrogen in rape cake. .--.-----+++++-- (28.0)? 


Pennsylvania Experiments® at State College, were begun in 
1882, on four fields of 144 plots of % acre, about 1% rods wide 
by 16 rods long. A four-year rotation of corn, oats, wheat, and 
hay of mixed clover and timothy is followed, each of the crops 


1 An account of the Rothamsted Experiments, Hall. 


2 Minerals consist of superphosphate, with sulphates of potash, soda, 
and magnesia. 


3 Average for Io years only. 
* Average for minerals. 

5 Average for nitrogen. 

® Report Igto-II. 
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being grown on one of the four fields every year. There are at 
least four plots of the same treatment, one in each field. ‘The 
fertilizer is applied to the corn and wheat only 


Sor, TREATMENT (PENNSYLVANIA) 


1-O 13—Plaster 25-PK 

2-N 14-O 26-PNK(Na) 
3-P 15-PK 27-PK2N(Na) 
4-K 16-Manure 12 28-PK3N(Na) 
5-PN 17-PNK 29-PK 

6-NK 18—Manure 16 30-PNK(SO; ) 
7-PK 19-PK2N 3I-PK2N(SOs,) 
8-Manure (prior to 1882) 20-Manure 20 32-PK3N(SO,) 
9-PKN 21-PK3N 33—Plaster 
10-PK2N 22-CaO Manure 12 34-Limestone 
I1-PNK (Bn) 23-CaO 35-PNK(Bn) 
12-PNK 24-—O 36-O 


N stands for 48 pounds nitrogen, 2N for 96. pounds, 3N for 
144 pounds per acre. Blood was used in the first 24 plots, except 
No. 11, nitrate of soda in plots 26-7-8 (marked Na) and sulphate 
of ammonia in plots 30-1-2 (marked SO,). K signifies 160 
pounds muriate of potash, P is for phosphoric acid in dissolved 
bone black. Manure was used at the rate of 12, 16, and 20 tons 
per acre. Plaster is 640 pounds land plaster (gypsum). CaO 
is 2 tons caustic lime. Limestone is 4 tons ground limestone. 
Blood and bone were used on plots 11 and 35 for nitrogen and 
phosphoric acid, respectively. 


Comparative Effects of Different Plant Foods.—In comparing 
the results of plot experiments, it is important to determine the 
effect of the individual fertilizing constituents, namely, of phos- 
phoric acid, nitrogen, potash, or lime. The fertilizing constituents 
exert some influence upon the relative action of each other, but 
nevertheless it is often advisable to estimate the value of each 
independently. This can be done by subtracting the yield with- 
out the constituent in question from that with it. ‘Thus the yield 
with phosphoric acid, potash, and nitrogen less that with phos- . 
phoric acid and potash gives the effect of nitrogen; by subtract- 
ing the yield with phosphoric acid and nitrogen we get the effect 
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of potash, and so on. Calculated in this way, the following table 
gives the increase in yield of ear corn produced by phosphoric 
acid, potash, and nitrogen respectively, from the Wooster Experi- 
ment Field of the Ohio Experiment Station. 


Bushels of ear corn produced by 

Phospuede Potash Nitrogen 
IN Ova SGA A CEORIIORTO.c 5 het Oto Hood, S cee 0 Bee 6.6 4.0 3.9 
With phosphoric¢ acid: --.c.<: seca. aee eds. --.. ae 4.2 6.5 
WAPI POLAS Th. -2/-5:|- = /-te fore elaxelnyedelvincejelatsi sielas! = \«;o > 67, = 0.0 
\ighitdlal sabia overs) lpn eaoloO nooo Rocco donc ooee se 9.2 0.2 pts 
\Wahdlovtaeiaooidaletsodoe sano mond odca On omome II.0 Qui 4.7 
PVA) CHOC s <aleioiue ¢ mice reeteleittmneiels § 8.4 2.6 3.8 


These figures show the effect of phosphoric acid or potash or 
nitrogen alone, or added to the other forms of plant food. On 
this particular soil phosphoric acid had the greatest effect, nitro- 
gen next, and potash least. 


Other studies and applications of the experiments are made, 
according to their character. 


Value of Increase.—The profit in the use of different fertilizing 
ingredients depends chiefly on the cost of the fertilizer and the 
market value of the product. ‘These two factors vary from year 
to year, so that the prices used must always be given and must 
be carefully compared with present prices in studying the figures 
at later periods of time. The profit can be calculated by sub- 
tracting the cost of the fertilizer from the value of the increase in 
crop. We can also calculate the profit or loss due to the use of 
specific ingredients of the fertilizer as explained in the preceding 
section. For example the following results were secured from 
seven years experiments with a rotation of corn, oats, wheat and 
hay on the Strongsville Farm of the Ohio Experiment Station.2 


? Bulletin 184. 
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Total profit (+), or loss (—) 
per acre from the use of 


Eosphorie Potash Nitrogen 

IN oy (seo CO SAIN DOA Onbogc cbod cho acood eur +12.16 | —5.97 | —II.43 

With phosphoric acid ..---.-...0-eeeeee eens — —6.71 | — 9.80 

With potash «=. == =~ hon eteeeeeeR NEA nies 1 - +11.42 — —10.03 
With tiitrogen’: sl 06~ <5 >=ese iees iar so 2s +13.79 | —4.57 a 

Wath two OthenrSiere eo cieterrce eteitetserteteseleiete =) elaiee 6 +15.08 | —3.28 | — 6.37 

Average profit. ....- +--+ sees eeee eeeee 13.11 —5.14 | — 9.41 


On this particular soil, with the amounts of fertilizers used and 
crops grown and at the prices given, phosphoric acid alone was 
profitable, potash and nitrogen being applied at a loss in both 
cases. On other soils and with other crops, different results 
would be secured. ‘These figures are merely given to show the 
method of calculating. Additional expense due to handling the 
increased crop, and the fertilizer, should also be considered. 


Systems of Fertilization—There is a great diversity in soils, 
crops, climatic conditions, and other factors which modify the 
effect of fertilizers. Individuals must study their own condi- 
tions, try various combinations, and use such mixtures as give 
most profitable results under their conditions. Fertilizers which 
give good results are recommended in the various publications on 
the subject, but the application which will be the best and the 
most profitable will depend upon individual conditions. 

Systematic use of fertilizers is more profitable than haphazard. 
The following are some of the systemst which are used. Every 
system should include a rotation of crops, with liberal use of 
manure or legumes plowed under. 

1. System Based on Influence of a Single Element—This 
system assumes that plants can be divided into three groups; one 
group most benefited by nitrogenous fertilizers, another by phos- 
phatic, and the third by potassic. Nitrogen is said to be the 
dominant element for wheat, rye, oats, barley, meadow grass, and 
beet crops. Phosphoric acid is dominant for Indian corn, sorg- 


1 Voorhees’ Fertilizers. 
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hum, sugar cane, turnips, and Swedes. Potash is the ruling 
ingredient for peas, beans, clover, vetch, flax, and potatoes. If 
the soil is fertile, the dominant element would be supplied to 
force a maximum growth of the crop, in such quantity as might 
be found necessary. If the soil is not fertile, moderate applica- 
tions of the other plant foods are made, supplemented with more 
liberal additions of the dominant element. 


2. System Based on Necessity of an Abundant Supply of the 
Minerals —This system is based upon the fact that potash and 
phosphoric acid are cheap and not easily washed from the soil, 
while nitrogen is expensive and easily lost. According to the 
needs of the soil, a reasonable excess of phosphoric acid and 
potash is applied, sufficient to satisfy more than the maximum 
needs of any crop, and then the nitrogen is applied in active 
forms, such as nitrate of soda or sulphate of ammonia, and at 
such times as will insure the minimum loss of nitrogen and 
the maximum development of the plant. The phosphoric acid 
may be drawn from the cheaper mineral substances, such as 
ground bone, tankage, and ground phosphate rock. 

This system is useful in building up a very poor soil when 
accompanied by a rotation which involves the use of legumes and 
manure. 


3. A System Based on the Amount of Plant Food Taken up by 
the Crop.—According to this system, different plants are fertil- 
ized with phosphoric acid, nitrogen, and potash in the proportions 
in which chemical analysis shows them to exist in the plants. If 
care is taken to supply an abundance of plant food, this method 
may result in complete, though not economical, feeding of the 
plant, and may be profitable for crops of high value per acre, but 
for ordinary farm crops, it is likely to be unprofitable. 

This system does not take into consideration the fact that one 
plant may have much greater power of taking up an element than 
another. Neither does it consider that the period or season of 
growth exercises some effect on the capability of a plant to 
acquire plant food from the soil. It may, however, be taken as 
a general rule that an application of easily available plant food 

22 
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largely in excess of the requirements of the crop, is not advisable. 
Such an application is likely to lead to loss of plant food, either 
by percolation or by fixation. 

4. The Fertilizer is Applied to the Money Crop in a Rotation.— 
In this system, the money crop is supplied with an abundance of 
plant food, so as to insure continuous feeding and maximum pro- 
duction. ‘The remaining crops, or those immediately succeeding 
in the rotation, are nourished by the residues with small applica- 
tions of fertilizer, if necessary. If, for example, the rotation is 
cotton, corn, and cowpeas, the cotton would be liberally fertilized, 
the corn and cowpeas being allowed to feed on the residues. 

Use of Nitrate of Soda.——Nitrate of soda is easily soluble in 
water, and distributes itself through the soil, and as the nitrogen 
can be easily taken up by plants, it is quickly effective. On 
the other hand, it is so soluble in water that it is easily washed 
from the soil by rains, and there may be loss from leaching when 
applied previous to the growth of the plant, or in too large 
quantities at the wrong time, or when heavy rains occur imme- 
diately after its application. 

The best use of nitrate of soda is secured when an abundant 
supply of potash and phosphoric acid is present. We have 
already seen that the size of a crop is controlled by the most 
unfavorable condition, and if potash or phosphoric acid are defi- 
cient, this deficiency cannot be overcome by the use of nitrate of 
soda. 

The best use of nitrate of soda is also secured when it is 
applied to soils in good condition rather than to poor or worn 
out soils. Larger quantities may profitably be applied to good 
soils than to poor soils. Clods and lumps prevent a proper dis- 
tribution of the material as well as a ready absorption of plant 
food, which are also necessary for good results. ‘The application 
of nitrate of soda is especially advantageous for quick growing 
vegetable crops, where market quality is measured by rapid and 
continuous growth, and for those field crops which make their 
greatest development in spring, before the conditions are favor- 
able for the change of the nitrogen in the soil into forms usable 


1 Bulletin 172, New Jersey Station. 
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by plants. Apply 100 pounds per acre on poor soils, 150 pounds 
on good soils as a top dressing in the spring after the grass or 
crop is well started. For ordinary field crops, since nitrogen is 
so expensive, the increase in yield may not pay for nitrogen used 
in fertilizer. 

Crops grown in the early spring, such-as early spring forage, 
or spring wheat, oats, etc., may be unable to secure sufficient 
nitrogen from the soil to permit of rapid and maximum devel- 
opment. ‘The agencies which change organic into active nitrogen 
may not be sufficiently active to produce a sufficient supply of 
active nitrogen. Hence an application of active nitrogen in the 
form of nitrate of soda may cause great gains to take place. 
Some crops, as tomatoes, cabbage, potatoes, etc., must be grown 
and harvested early in order to be highly profitable. Hence their 
growth must be forced at a time when the natural agencies are 
not very active. 

According to bulletins of the New Jersey Experiment Station, 
the use of 150 pounds per acre of nitrate of soda has increased 
the wheat crop 9 bushels per acre. Early tomatoes were increased 
in value 50 per cent. by an application of 150 to 250 pounds, early 
cabbage 40 to 80 per cent. by 400 pounds, musk melons doubled 
in value by 200 pounds. 

Quantity of Fertilizer.—The applications of different quanti- 
ties of the same fertilizer follow the law of diminishing returns. 
That is, the increase produced by each successive increment of 
fertilizer diminishes as the quantity of fertilizer increases. "Thus 
the cost of the increment increases with the quantity of fertilizer. 
The fertilizer is profitable up to a certain point, after which the 
value of the increase is not equal to the cost of the additional 
amount of fertilizer. The most profitable quantity depends upon 
the character of the soil, the kind of crop and its value, and 
climatic conditions. The more valuable the crop, the larger the 
quantity of fertilizer which may be profitable. 

As an illustration, we will cite the experiments conducted for 
four years by the New York (Geneva) Experiment Station! to 
ascertain the most profitable quantity of fertilizer for potatoes. 

1 Bulletin 187. 
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The fertilizer used contained 8 per cent. available phosphoric acid, 
4 per cent. nitrogen, and Io per cent. potash, costing $25.00 per 
ton. The average of the four crops is as follows: 


Increase in yield | Cost of fertilizer 


" L a” 
Increase due to increase in |for each additional 


vu s fertiliz E 2 oo 
Pounds fertilizer per acre Sen Radek 


fertilizer bushel potatoes 
Bushels 
Opener clotclssRalctersfareketelotelsishats fe) — = 
BOO ssa aetea ai were ciate ielase eee 500 Deh g) $0.27 
T,OOO+ 1 wee ee cere cece ee wees 500 20.9 0.30 
T,5OO- -- ee eee e ee cee e we eeee 500 tw (a3 0.56 
POs Hos olonGaagbaAojooroc 500 6.0 1,04 


The first 500 pounds fertilizer produced an increase of 23.3 
bushels potatoes at a cost of 27 cents per bushel for fertilizer. 
The last 500 pounds produced 6.0 bushels at a cost of $1.04 per 
bushel for the fertilizer. 

Secondary Actions of Fertilizers—The supplying of available 
plant food is the primary action of fertilizers. ‘They have other 
secondary actions upon the soil, which may not be unimportant 
at times. 

Reaction.—Sulphate of ammonia leaves an acid residue in the 
soil, which unites with lime, increases the loss of lime, and may 
cause a soil not rich in lime to become acid. This has taken 
place at the Woburn (England) Experiment Farm, where the 
plot which receives sulphate of ammonia has become acid and 
will not grow barley. Addition of lime corrects the acidity. 

Acid phosphate may also have a slight tendency towards caus- 
ing soil acidity. Nitrate of soda leaves a basic residue in the 
soil, and hence has a tendency to correct acidity. Organic nitro- 
genous fertilizers do not affect the reaction of the soil. 

Physical Structure.—Acid phosphate tends to flocculate a clay 
soil. Nitrate of soda tends to cause it to puddle or run together. 
Potash salts vary somewhat in their action, according to the 
nature of the soil. 

Fertilizers Conserve Moisture Fertilizers may decrease trans- 
piration and reduce the quantity of water required to produce 
growth. For example, Widstoe reports the quantity of water 
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transpired per I gram dry matter produced in one experiment on 
corn in pots as follows: 


Grams 
IN@ALSRAULIZE? 5 oo bob OOO BOOS een 6b cocoon 1,012 
IPRo sp ietce meee ier: 2 wyese Siete ot oc a cia. e oo wis sso craters 735 
INSEFELEES obs 0 bo eh CO ORO NDIO OOD ORE En ood ono 555 
PROS MMC RAGEEMIEEALC las cccste sos cess cee ceo os de metonte 178 


Bacterial action is undoubtedly affected by fertilizers, but to 
what extent or of what importance is not known. 

It is claimed that the sulphate of lime which is present in acid 
phosphate may liberate soil potash and so render it available to 
plants, but this claim is not justified. It is also possible that this 
sulphate of lime may supply plants directly with sulphur (see 
page 258). 

Whitney claims that fertilizers destroy toxic substances in the 
soil, but no direct evidence has been brought forward to show 
that such is the case (page 158). 

Relation of Fertilizers to Losses and Changes of Plant Food.— 
When nitrogen, and, to a less extent, potash is added to the soil, 
the loss due to percolation increases. ‘This is shown by analyses 
of percolation waters from drain gauges or tile drains (see page 
273). There is also an increased loss due to denitrification. 
which can be ascertained by analysis of the soil after a number 
of years, provided loss by percolation and cropping is also known. 
Little loss of phosphoric acid takes place, except possibly on 
very light sandy soils. Potash may be taken up by the crop in 
excess of its needs and lost in this way. 

Fertilizers improperly used may diminish the fertility of the 
soil. ‘Thus acid phosphate alone will give good results on some 
soils for a few years, but the increased crop increases the draft 
upon the nitrogen and potash of the soil. Unless provision is 
made to restore the loss of nitrogen and potash, the acid phos- 
phate will become less and less effective. The same is true, 
though to a less extent, of fertilizers containing large percent- 
ages of phosphoric acid and small percentages of nitrogen and 
potash, such as a fertilizer containing 8 or 10 per cent. available 
phosphoric acid, 2 per cent. nitrogen, and 2 per cent. potash, 
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such as are commonly used in the South for fertilizing cotton and 
corn. Used in small quantities, these fertilizers tend to deplete 
the soil of nitrogen, unless provision is made to restore it other- 
wise. ‘The use of such fertilizers in large quantity is not to be 
recommended, since a great deal more phosphoric acid is supplied 
than can possibly be utilized by the crop. If more fertilizer is 
used, it should be richer in nitrogen. 

Effect of Fertilizer on Succeeding Crops.—'lhe effect of fer- 
tilizer carried over to a subsequent year is shown in the experi- 
ments at Rothamsted. Plot 17 and 18 receive “mineral manure” 
consisting of superphosphate and sulphates of potash, soda and 
magnesia one year, and 86 pounds nitrogen in sulphate of 
ammonia the second year. ‘hese applications have alternated 
for fifty-one years. ‘The average results are as follows: 


Bushels of wheat 


per acre 
Plot S—-MIMer al GME is civ s ve ain wv uislee e p01d 10 areis-ai9.0 mivints 14.9 
(A) Plots 17-18 when mineral manure is applied...... 15.3 
(B) Plots 17-18 when sulphate of ammonia is applied.. 30.4 
Plot. 7—comipleteesertaizer . oes sais ot ips ann ndeow ane swe 32.0 


Thus plots 17-18 (A) produce little more crops the year after 
the application of sulphate of ammonia than plot 5 which receives 
no ammonia. Plots 17-18 (B) produce nearly as much the year 
after the application of the phosphoric acid and potash, as they 
do in plot 7 which receives them every year. That is to say, 
the phosphoric acid and potash remain in the soil in an available 
form, so as to be useful to the next crop, while the nitrogen was 
leached out or otherwise rendered of little value to the plant. 

Fixation.—In is commonly supposed that phosphoric acid and 
potash of fertilizers are fixed and rendered less soluble almost 
as soon as they are placed in the soil. ‘This is not, however, the 
case. Some of the lumps of fertilizer are %4 inch in diameter, 
and do not dissolve at once. When they do dissolve, diffusion 
is not a rapid process, and the soil particles nearest the fertilizer 
are brought in contact with the more concentrated solution, and 
fix larger proportions of it, than those farther away. Hence 
the fertilizer becomes the center of a zone of concentrated plant 
food, more dilute towards the outside. ‘This is even to some 
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extent true of the easily soluble fertilizers, like nitrate of soda, 
for which the soil has little power of fixation, but still more so 
for the less soluble acid phosphates. In the case of organic 
nitrogenous materials, the particles become centers for the pro- 
duction of ammonia and nitrates which may eventually be taken 
up by the rootlets as fast as they are formed. ‘The well known 
fact that moderate applications of fertilizer are more effective 
when applied in the vicinity of the plant or seed than when applied 
broadcast, is evidence that the plant food does not become 
rapidly and uniformly distributed through the soil mass. 


The Practice of Fertilization..—There is such a variation in the 
needs of crops and soils for fertilizers, in the effect of climatic 
conditions, and previous treatment, upon their behavior towards 
fertilizers, that it is impossible to lay down specific rules for 
fertilization. The fertilizer which produces heavy yields of pota- 
toes in the North would not necessarily be suitable for the 
warmer climate, lighter yields, and earliness, associated with the 
same crop in the South. Onions grown on the sandy soils of 
Long Island, New York, require different treatment from those 
grown in the warmer climate and much richer soils under irriga- 
tion at Laredo, Texas. Applications suited to crops grown under 
favorable conditions of moisture may be unsuited to crops which 
may have to endure a period of drouth or mature on a moderate 
amount of moisture. The best that can be done is to lay 
down general principles, and to give the applications which have 
proved successful under certain stated conditions. The individ- 
ual farmer must study his own conditions, with the help of his 
State Experiment Station, and learn by his own experience the 
most profitable applications for him to make. A few brief notes 
are made below on fertilizers for various crops. 

Field Crops—Rotation of crops, including legumes, to be 
turned under or fed and the manure saved, is essential to main- 
tenance of fertility for ordinary field crops. Only in this way 
can nitrogen be secured cheap enough. Phosphates and potash 
may be purchased as necessary, together with supplementary 


1 See Voorhees, Fertilizers; Van Slyke, Soils and Fertilizers; Bulletins 
of Bureau of Soils and of State Experiment Stations. 
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small amounts of nitrogen. Field crops, especially grasses and 
clovers, utilize insoluble phosphates fairly well. 

Corn.—A suitable rotation, including careful saving of all ma- 
nure, together with the use of phosphoric acid, will maintain corn 
lands at a good level of productiveness, or increase the yields. 
The phosphoric acid may be supplied in 200 pounds per acre of 
acid phosphate applied annually, or 2,000 pounds of rock phos- 
phate applied every five or six years. An application of nitrogen, 
such as contained in 200 pounds cotton-seed meal, may also be 
effective. Potash is needed on some soils. The ordinary corn 
and cotton fertilizer used in the South contains 8 to Io per cent. 
available phosphoric acid, 1.65 to 2.5 per cent. nitrogen, and I to 
3 per cent. potash. It is used at the rate of 100 to 400 pounds 
per acre. 

Oats.—Oats in rotation often receive benefit from 100 pounds 
acid phosphate applied at the time of planting, and a top dressing 
of 100 pounds nitrate of soda when the plants begin their vigorous 
spring growth. 

IV heat—Same as oats. Clover uses much potash and is often 
benefited by 100 pounds acid phosphate and 50 pounds muriate of 
potash per acre. Timothy may receive the same application as 
clover and in addition a top dressing of 100 pounds nitrate of 
soda in the spring. Alfalfa requires lime and draws heavily on 
the potash of the soil. A good application is 200 pounds acid 
phosphate, 20 pounds nitrate of soda, and 100 pounds muriate of 
potash applied just before planting. ‘This may be supplemented 
by 300 pounds acid phosphate and 200 pounds muriate of potash 
per acre per year. Peanuts are similar to alfalfa. 


Cotton.—Acid phosphate is used at the rate of 100 to 200 
pounds per acre on land which produces a good stalk but does 
not fruit well. An application of 200 to 400 pounds cotton-seed 
meal gives good results on many soils. The Georgia Experiment 
Station recommends for old worn uplands, a mixture of 1,000 
pounds acid phosphate, 671 pounds cotton-seed meal, and 296 
pounds kainit applied at the rate of 400 to 800 pounds per acre. 
This fertilizer would contain 8 per cent. phosphoric acid, 2.4 per 
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cent. nitrogen, and 2.4 per cent. potash. A rotation of crops in- 
cluding legumes should be adopted. 

Truck Crops.—Rotation, manure, and heavy applications of 
fertilizers are used for truck crops. 

Potatoes in New York receive 1,000 to 2,000 pounds of a fer- 
tilizer containing about 8 per cent. available phosphoric acid, 4 
per cent. nitrogen, and 10 per cent. potash. In Texas good results 
are secured with a mixture of 800 pounds acid phosphate and 
1,200 pounds cotton-seed meal at the rate of 300 to 600 pounds 
per acre. Sweet potatoes in New Jersey receive 500 to 700 
pounds of a fertilizer containing 3 per cent. nitrogen, 7 per cent. 
available phosphoric acid, 12 per cent. potash. In Georgia, 200 
to 400 bushels per acre, according to soil and season, are secured 
with a mixture of 320 pounds acid phosphate, 360 pounds cotton- 
seed meal, and 640 pounds kainit. Early tomatoes in New Jersey 
receive about 350 pounds acid phosphate and 200 pounds muriate 
of potash just before planting, a top dressing of 100 pounds 
nitrate of soda at time of setting out, and 100 pounds again three 
or four weeks later. Onions in New Jersey, do well on 1,000 
pounds of a fertilizer containing 5 per cent. nitrogen, 6 per cent. 
available phosphoric acid, and 10 per cent. potash. In Texas, 
they do well on 1,500 pounds cotton-seed meal, or 1,000 pounds of 
a fertilizer containing 5 per cent. available phosphoric acid, 5 per 
cent. nitrogen, and 5 per cent. potash. Cabbage may receive an 
application of 1,000 pounds of a fertilizer containing 4 per cent. 
nitrogen, 8 per cent. phosphoric acid, and 5 per cent. potash, 
supplemented by a top dressing of 100 pounds nitrate of soda and 
100 pounds acid phosphate after the plants begin to grow when 
set out, and 100 pounds of nitrate of soda when the heads begin 
to form. 


CHAP IDE RVI. 


CONSTITUENTS OF PLANTS. 


For the purpose of ordinary agricultural analysis, the various 
compounds in plants and feeds are divided into six groups, each 
of which, with the exception of the first (water), is composed of 
a number of chemical compounds, varying in their nature and 
relative proportion according to the plant, or portion of plant, 
under examination. 

These groups are as follows: 

(1) Water, which is present in all feeds. 

(2) Ether &xtract—This is the material extracted by ether 
and, in the case of seeds, is composed mostly of fats and oils, but 
it contains large quantities of substances other than fats in the 
case of hays, straw, and grass. 

(3) Protein —This includes all the nitrogenous constituents of 
the plant or feed. 

(4) Crude Fiber—This is the residue left on boiling the ma- 
terial with sulphuric acid and with caustic soda, a purely arbi- 
trary method. It consists of cellulose, lignin, cutin, and other 
substances. 

(5) Ash.—This is the residue left after the material has been 
burned, and consists of the substances not volatile at the tem- 
perature of the combustion. It consists chiefly of lime, magnesia, 
soda, and potash united with phosphoric acid, chlorine, carbon 
dioxide, sulphur trioxide, silica, and some unburned carbon. 

(6) Nitrogen-free extract comprises all the other ingredients 
of the plants not included in the above groups. In estimating 
its quantity, the water, protein, ether-extract, crude fiber, and 
ash, are added together, and the sum subtracted from 100. The , 
difference is the nitrogen-free extract. 

Water.—Water is abundantly found in the green and growing 
portions of the plant, as in leaves, tender shoots, and immature 
seeds, but chiefly in the sap, in which it transports the materials 
used in the growth of the plants. The older portions of plants 
such as the stems, and old wood, and the mature seeds, contain 
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smaller percentages of water. Substances such as hays, meals, 
etc., which are apparently dry, contain appreciable quantities of 
water. 

The following table shows the average percentages of water in 
some of the different classes of substances: 


WATER IN PLANTS. 


Green plants Per cent. Mature seeds and hays Per cent. 
Corrnileavesnaccerreinteicisicreleis 79.3 @orntrodaer ¢.'< cd. oon 42.2 
Tistes CWdeh ae vem bib he oso GinGete|limothy hay « ...%: icles 13.2 
Red clover ..--..--....... 70.8 |Red clover hay ...-........ 15-3 
Cow-pea vines..-........- 83.6 |Cow-pea hay....---.....0-- 60.7 
ROLATOES iam ci haesdeteriy <tarele 78.9  |Cow-peas (seed) ....--....-. 14.8 
Sugar beets -...--...-.-.-. 86.5 (Chex osal Gieverc Wipaiomionio cco di Gc 10.5 
Turnips Pee da clots Rete sterstene 4 90.5 Wheat (seed)... .........- 10.5 
Green corn.. ...-..- dooce 75-4 |Corn (grain) ..... Soucy elel teers 10.9 


Determination of Water.—The usual method is to dry the sub- 
stance at the temperature of boiling water until it no longer loses 
weight (about 5 hours). ‘The operation is conducted in a 
water-oven. ‘This consists of a double walled box. ‘The space 
between inner and outer walls is partly filled with water, and the 
inner chamber is heated by the steam. ‘There are certain sources 
of error in the estimation of moisture which must be guarded 
against, some of which are as follows: 

(1) Absorption of Oxygen.—Certain fats and oils absorb oxy- 
gen when heated in the air, thus gaining in weight; they may also 
become insoluble in ether. For instance, linseed oil, which occurs 
in linseed meal, absorbs oxygen with avidity. If materials con- 
taining such oils are dried in the air, the results on moisture are 
too low, and the ether extract is liable to be too low also. The 
remedy is to dry in a current of hydrogen, or of illuminating gas 
which contains no oxygen, or in a vacuum. Gasoline gas is not 
suitable. 

(2) Chemical Changes.—At the temperature of boiling water, 
some compounds found in plants may undergo chemical change. 
The sugar in ripe fruits may be decomposed, or caramelized. For 
example, Snyder! found fresh tomatoes to contain 3.88 per cent- 


1 Bulletin 13, Minnesota Station. 
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sugar, while after drying at 100° C. only 2.04 per cent. was pres- 
ent, a loss of nearly 50 per cent., due to decomposition. The de- 
composition may produce volatile bodies, and thus give too high 
results for water. 


Such materials should be dried in a vacuum, either at the 
ordinary temperature, or at a slightly elevated temperature. The 
drying may take place in a desiccator which contains sulphuric 
acid and has been exhausted with a vacuum pump. 

(3) Volatile Materials—Some substances lose volatile organic 
matter when dried at 100° in a current of air, or hydrogen. 

Silage loses acetic acid and ammonium acetate. ‘Tobacco loses 
nicotine. Atwater found that meats and fish in drying lost 1 
to 4 per cent. of their total nitrogenous material. Animal excre- 
ments, both liquid and solid, may lose nitrogen. 

These losses may in some instances be avoided by drying in a 
vacuum. In others (as with urine and manure) analyses should 
be made on the fresh materials, and correction made for the loss. 


Ether Extract.—The mixture of substances which is removed 
from a plant by extraction with ether is termed ether extract. It 
is often termed “fats and oils” and this expression is correct when 
reference to concentrated feeding stuffs is intended, as in such 
cases the ether extract is composed mostly of fats and oils. But 
when applied to hays or fodders, the term “fats and oils” is not 
correct, since the ether extract may contain 30 to 70 per cent. of 
substances which are not fats or oils, such as chlorophyll, hydro- 
carbons, and wax alcohols. 

Ether extract is obtained from all plants, and nearly all parts of 
all plants. It is found in small quantities only, in roots and tubers, 
in somewhat larger quantities in hays, and straws, and in com- 
paratively large quantities in certain seeds, such as the seeds of 
cotton, flax, peanut, soja bean, almond, and sunflower. These are 
called oil-bearing seeds. Certain fruits, such as the olive, are also 
rich in oil. 

The ether extract of seeds may not be distributed uniformly, 
but may be concentrated in certain parts of the seed. ‘Thus, 
while the entire grain of corn contains 5.5 per cent. of oil, the 
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germ contains about 27 per cent. oil, which may be expressed 
from it for commercial purposes. The ether extract of rye and 
wheat passes mostly into the bran along with the germ. 

The percentage of ether extract in some of the different classes 
of materials is shown in the following table: 


ETHER EXTRACT IN PLANTS. 


Per cent. Per cent. 


Beets ..-----.---seeeeeees Corie Alt.) )-/= a1) eatereeretetetes 
PRPOEATOES) s cucrd a osicteelo c elouwtsls Cow-peas OIRO. c! 2 c8'C 
Cornsfoddemassces meee: BOVE NDEAT /-\-)< 0.0: «cee 


Peanut kkernelsSi,. <1 «1st i 
(Qaitioraiyereye ereicr oo 6. o6c 
(OCOAMII Lies =o cis slenen ene 


Timothy hay =--.....2.-..- 
Wiheat! straw oi: sc -\e.ce esc 
Wiedtoprain :). 2+. s..2-2 


YHOO O 
HWW DH eH 
OHO 

ORCS ONES 
BODO HN 


Composition of Ether Extract.—The composition of the ether 
extract of some plants is contained in the following table :? 


PERCENTAGE COMPOSITION OF ETHER EXTRACT. 


Nentratfat | faATStiq | necithin | ,{issapomi. 
Fay! oe eee eee nee eee ees 227 aaa trace 30.8 
Riye bran sbi. - = - 1-1-1 78.3 16.4 33 7.6 
ORG so todewonbees Gudoce 59.2 35-4 0.8 2.7, 
REGS agian Bao dots bene 58.6 t.2 27.4 7.4 
Soja bean ......-...... 95-5 1.2 13 1.5 
Malt sprouts -......--. 24.7 30.1 3.6 34.5 
Cotton-seed cake ...... 92.9 Be2 4.4 Teh 
IROtatORS <isisiererelessare 25.08 16.3 56.9 Soll 10.9 
ISAS Sate dae oo Doon ore 23.0 eNOS) — 10.7 


Stellwaag found, according to the above table, that nearly one- 
third of the ether extract of hay and malt sprouts is unsaponifi- 
able matter. The ether extract of rye bran, peas, potatoes, and 
beets contain about 10 per cent. unsaponifiable matter. Over 
one-fourth of the ether extract of peas consists of lecithin. 

According to Fraps and Rather,? who examined eighteen hays 
and fodders, from 39 to 71 per cent. of the ether extract consists 
of non-fats, chiefly wax alcohols. The average percentage of 
non-fats was 58 per cent. of the ether extract. 


1 Stellwaag, Landw. Versuchs-stat. 
? Bulletin 150, Texas Station. 
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PERCENTAGE COMPOSITION OF ETHER EXTRACT. 
Unsaponi- Saponifiable 
fiable matter matter 

Aha isa Biaiy etepa ee tote chee, « oe eae yatlas en's « 67 33 
Bermuda hay....-.--+- s+e-++ eeeres ceee eee eee 65 27 
Burr clover hay «+... ---- + -2--- sees cee eeee vee 60 39 
WOR SHUM CISelcrcie fatrereia Soke tS eee Teme ote sive sis. es 7a 29 
Johnson grass Way. ------ ce ee eens eee eee ee ee 60 38 
Para grass hay ---- +++. .+++ cece cece sees cece ees ie 26 
Millet hay ..-5.- 200+ e000 cece ce ence en eens cee eee 39 52 
Average Of 18 .----.. see eect eee eee cee ets 58 36 


Determination of Ether Extract.— ‘he substance is dried and 


extracted with water-free ether for sixteen hours. 


Fig. 79.—Fat extraction apparatus. 


The ether 


is then distilled off, and the fat, after having been dried in a 
water oven, is weighed. A form of apparatus is represented in 
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the figure. The ether vaporized from the flask A is condensed 
by the cool water running through the condenser B and drops 
on the substance in C. It dissolves the ether extract and returns 
to the flask A carrying the fat with it. It is then ready to be 
vaporized again and extract a fresh quantity of fat. When the 
exhaustion is complete, the ether is evaporated off and the fat is 
dried and weighed. ‘This method is liable to several sources of 
errors, as follows: 

(1) Loss of volatile fatty acids during the drying of the sub- 
stance or of the extract. 

(2) Oxidation of fats if the preliminary drying of the material 
is carried out in the air. 


Fats and Oils.!—‘he largest and the most important portion of 
the ether extract of concentrated feeds is composed of fats and 
oils. Fats are solid at the ordinary temperature, while oils are 
liquid. They consist of ethereal salts, termed glycerides, which 
are compounds of certain fatty acids with the triacid alcohol, 
glycerol, C,H,(OH),; thus, the fat palmitin C,H, (C,,H,,CO,)5, 
is the glyceride of palmitic acid C,,H,,CO,H. When heated 
with alkalies, fats form glycerol and salts of the fatty acids, 
which are soaps. ‘The process is called saponification. For 
example: | 
Ce (err. COz). a NaOH = C.H.(OH), + 3€ peg CO.Na. 
Palmitin + sodium hydroxide = glycerol + sodium palmitate. 


All fats are lighter than water and insoluble in it. When pure, 
they are odorless, and neutral in reaction and generally colorless, 
though some are slightly yellow; under continued exposure to 
air, they begin to turn yellow, acquire a disagreeable odor and 
taste, and become acid—that is, the fat becomes rancid. The 
rancidity is due to partial decomposition of the glycerides, fatty 
acids being formed which are partly oxidized by the air to 
volatile substances having a disagreeable odor. 

Oils are divided into the non-drying oils, and the drying oils. 
The drying oils, of which linseed oil may serve as an example, 
are oxidized by the air to solid, varnish-like masses. They con- 

1 See Lewkowitsch, Oils, Fats and Waxes. 
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tain linolin and linolenin, which are the glycerides of unsaturated 
acids. ‘The non-drying oils do not undergo this change. 

Fats and oils are concentrated forms of nutrition, containing 
more nourishment and energy than any other nutrient in feeding 
stuffs (two and one-fourth times as much as carbohydrates). 

The following table shows the formula and composition of 
the principal glycerides which occur in fats. 

COMPOSITION OF Fats. 


Name Glyceride of Formula 

Butyan oi 0 6 sss pene meses pone se Butyric acid C3H;(C,;H,CO,) 

Caproins 2261/50. 4% sinter Caproic acid | C,H;(C,;H,CO,)s 
Caprylin....-... see. eeee cece ee eeee Caprylic acid | C,H;(C,H,;CO, )s 
IUEibini a: oopaoe cosy ooonIo doe onn ene Lauric acid | OA Ses jele(COls)). 
Palmitin......-.....+++-...0).--.-. Palmitic acid | C,H; (CeHeiCOs): 
SS kehohall acta POOUO OOOO UdOcdooSno ODO Stearic acid C)H; (G7 oeeCOne 
QU Gar eae is Riss sa coreuistovetesetetencreteters acces Oleic acid C,H; (C\,HssCO;)s 
IGHhioVihoW ooo CON O oor con ss CONa Oe bot Linoleic acid CG Ba(CeHe COn: 
Linolenin...+ +--+ eee esse cece ce eeee Linolenic acid | C,3H;(C)gsHyCO, )s 


Palmitin, stearin, olein, linolin, and laurin are the principal 
glycerides which occur in fats and oils. Laurin, palmitin, and 
stearin are solid at the ordinary temperature, while olein is 
liquid. The consistency of a fat depends upon the predominat- 
ing glycerides; the fats rich in palmitin and stearin are solid, 
while those rich in olein or linolin are liquid. Animal fats and 
oils contain the same glycerides as vegetable fats and oils. 

According to Osborne and Mendel,’ butter fat and cod liver 
oil contain a substance which promotes the growth of young rats, 
which is not contained in lard and some other fats. 

The glycerides which occur in some fats and oils are named 
below : 

Corn oil, chiefly olein and linolin, some stearin. 

Cotton-seed oil, chiefly linolin, also stearin, palmitin, and olein. 

Sunflower oil, chiefly linolin. 

Linseed oil, linolin, linolenin, isolenin, olein, stearin, palmitin. 

Peanut oil, stearin, olein, linolin, arachiden. 

Olive oil chiefly olein, some palmitin and stearin. 

Cocoanut oil, myrestin, laurin, palmitin, olein, caproin, caprylin. 

1 Jour. Biol. Chem., 16(1913) 423. 
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Examination of Fats and Oils——Different proportions of the 
same glycerides often occur in fats and oils of different origin. 
The following general methods are applied in the testing of fats 
and oils. Specific tests may be made to detect certain oils, such 
as cotton-seed oil. 

The specific gravity is of importance. 

The index of refraction is the measure of the extent to which 
the fat bends a ray of light passing through it. It affords a 
rapid method for testing the purity of some oils. 

The saponification value is estimated by saponifying a weighed 
quantity of fat with a solution containing a known amount of 
alkali, and estimating the unused alkali by titration with an 
indicator and an acid of known strength. It is usually expressed 
in terms of milligrams of alkali neutralized by 1 gram fat. 

The volatile acids are estimated by saponifying a weighed 
quantity of fat, liberating the fatty acids with a non-volatile acid, 
and distilling off the volatile acids with water. The distillate is 
tirated with alkali of known strength. ‘This method is especially 
valuable for butter, since it is the only ordinary fat which con- 
tains glycerides of volatile fatty acids. - 

The iodine value is estimated by treating a weighed amount 
of fat with a solution containing a known amount of iodine. 
After sufficient time, the uncombined iodine is titrated and so 
estimated. ‘The iodine combines with the unsaturated fats, and 
not with the saturated, so that the quantity of iodine absorbed 
depends on the quantity, and the condition of unsaturation of the 
fats present. The iodine number is the milligrams of iodine 
which combine with 1 gram of oil. The iodine number is a 
valuable index to the nature and purity of many oils. 

Free fatty acids are often present in the ether extract. If the 
substance is old, and the fat in it has become rancid, a large part 
of the ether extract may consist of free fatty acids. ‘They come 
from the hydrolysis or decomposition of the fats into fatty acids 
and glycerol. If acids of low boiling point are present, the free 
acids are partly volatilized when the substance is dried before 
being extracted with ether, or when the ether extract is dried. 
They are best determined by extracting the substance without 

23 
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drying, and titrating the etheral solution with a standard solution 
of caustic potash, with the addition of alcohol. 

Lecithins.—These are wax-like bodies which resemble fats in 
some respects. ‘They contain nitrogen and phosphorus. Like 
fats, they are saponified by alkalies. When saponified they yield 
a soap, cholin, phosphoric acid, and glycerol. The quantity of 
lecithin in the ether extract is calculated from the amount of 
phosphoric acid found in it. The magnesium pyrophosphate 
multiplied by 7.25 is assumed to represent the lecithin. Calcium 
and magnesium phosphates have, however, been found in the 
ether extract of plants, their presence being attributed to the 
presence of metallic glycero-phosphates soluble in ether. When 
these substances are present the amount of lecithin in the fat is 
less than the amount calculated from the phosphoric acid present. 

Lecithin is not entirely extracted by ether from plant sub- 
stance, but is completely extracted when the ether extraction is 
followed by extraction with absolute alcohol. If the alcoholic 
solution is evaporated at 40-50° C. and the residue taken up 
with ether and purified by shaking with water the lecithin can be 
obtained fairly pure. 

Leguminous seeds are relatively rich in lecithin; the cereals 
(wheat, rye, and corn) contain much less. The table below shows 
the lecithin content of some substances : 

LECITHIN IN PLANTS. 


Per cent. 
in dry matter 
NOUNS rast cence cold. «655% Tete mrob RE yee PR 0.45 
Viounz-vetch plants she Bin. d canteetine cs cobnmieatee pane 0.86 
Seeds 
Wiellow Wupinie rg etens cis wha cet ere ce ie on ee ee 1.55 
Oa DOAN: © oy Set cinc, Menace eceh Le eh cth olakin Regt noe ae 1.64 
1 ae ET SRI ae 7 Me Renae mete Seppe eee, 1) 
WWI EAE pci tices aches Whe cia tua nce oye oie pe chen ania Mae ov hs eee 0.65 
TRV cece iaa Melo he Dota al toon See eED ed EMER ORE Shelter eS 0.57 
Corn et AE SE Cae iste eem ee, toatl oe, des Ran neem 0.74 
Suritlowenmgy 24 0%, Si robes ee aati: coe ceoir ese 0.44 
Meth’: nation a Be soptcce sone erg ie eens otis Beeches ore ec 0.98 


The alcoholic extract contains not only lecithin, but other 
organic compounds containing phosphorus, some of which con- 
tain sugar. Lecithin is of considerable value to the animal and 
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also to the plant. It aids in the assimilation and transportation 
of the fat. 

Hydrocarbons are compounds of hydrogen and carbon. They 
have been detected in the unsaponifiable portion of the ether 
extract of plants. The ether extract of meadow hay contains a 
hydrocarbon, probably C,,H,,. Tobacco contains 1 per cent. of 
the hydrocarbons C,,H,, and C,,H,.. 

Wax Alcohols.—The unsaponifiable matter consists of phytos- 
terol and wax. Phytosterol C,,H,,(OH) is a solid alcohol which 
crystallizes from alcohol in glistening plates. It gives character- 
istic color reactions with certain reagents. 

The separation of phytosterol and hydrocarbons from the fats 
is based upon the fact that while alkalies act upon fats to form 
compounds soluble in water (soaps), the phytosterol or hydro- 
carbons are not affected. The ether extract is saponified, and 
the soap extracted with ether, which dissolves the phytosterol, 
wax alcohols, and hydrocarbons. The ethereal solution is evap- 
orated and the phytosterol purified by crystallization from 
alcohol. 

Wax alcohols are found in considerable proportions in the 
ether extract of hays and straws. ‘They are digested to a certain 
extent by animals, though not so well as fats. The alcohols 
present are probably myricyl alcohol C,,H,,OH, and other 
similar alcohols of lower molecular weight. 

Chlorophyll.—This is the green coloring matter of leaves. It 
contains nitrogen. It is soluble in ether, and gives a green 
color to the ether extract from hays and green plants. Its exact 
composition is unknown. When the ether extract containing 
chlorophyll is saponified, and the unsaponified material is 
extracted by means of ether, the chlorophyll remains with the 
fatty acids and colors them green. 

Essential Oils—The characteristic flavor and odor of many 
plant products are due to volatile compounds known as essential 
oils. Turpentine, peppermint oil, oil of roses, and oil of lemon 
are examples of essential oils. Spices, flavoring extracts, condi- 
ments and appetizers in general, flowers, and certain fruits are 
characterized for the most part by the presence of essential oils. 
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Hays owe a portion of their odor and flavor to essential oils. 
Rape, turnips, cabbage, and parsley contain essential oils. Some 
of the essential oils impart palatability to the food, and stimulate 
the secretion and flow of the digestive juices. While of little or 
no value for the production of muscle or energy, they aid the 
appetite of the animal. 

Certain feeds containing essential oils are undesirable for 
milch cows, as they impart a disagreeable flavor to the milk. 
Garlic, wild onions and rape are examples of these. 

Protein.—Protein is the nitrogen of the plant multiplied by 
6.25 and includes all the nitrogenous compounds of feeding 
stuffs. Protein includes amides, alkaloids, and inorganic nitro- 
gen compounds (if present.) Protein is found in all parts of all 
plants, as it is necessary to the life and growth of the plant. It 
is transferred from the stem and leaves of plants to the seed 
when the plant matures. Protein is especially abundant in leg- 
uminous plants, and in seeds, particularly the seeds of legumes. 
The following table shows the amounts of protein in some veg- 
etable substances : 

PROTEIN IN VEGETABLE MATERIALS. 


Per cent. 
Corn foddererrect =. (600. oie ne eat ae eee eee 1.8 
IPOEATOES We ERE fas cz Co eeee es Sa oe ee cree eR ani oc eer 25 
OAIGNS” 5) aE Nn ae es ie oe Siena; cee Re Lae eee 1.4 
Pati Oth, wg EE CIM", oc pre te ot ok ease hu eRe os ithe Seas tae ae 3.1 
Red) clover @neent ws sex cots 4 qssyste nic ea ae Ca ee eee 4.4 
Gorse baitt, Rs tek ce havo a De cee MR nie ae OR 10.5 
Wihleaitaorratin Sava terrace ens bonus so Re eGo aac eta iets II.9 
COW DEAS, Ghali”. ois fi «ane RSMO eT Fak teeta em ee 20.8 
Gorntiodders. <<) Un aknoe Win. Siew a MUNG Rat ear tee eer 4.5 
Tiniotiiy hay) 2oe Stroh eee es eee en eee 5.9 
Red clover dary 7c sche eo letras oe BIE Oe PEE 12.3 
GOW=DEA TH Ay (Pe ees ih eae REC Ee RT La 16.6 
Soja ‘eas Fs ose eros Se eiauiey SC ie ea nee 34.0 


The nitrogenous constituents of agricultural plants may be 
divided into the four following groups: (1) proteids; (2) 
amides and amido acids; (3) inorganic compounds; (4) mis- 
cellaneous bodies, which include alkaloids, lecithin, chlorophyll, 
etc. Proteids and amides are of common occurrence in agricul- 
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tural products, the other bodies, while of some importance, are 
of less general occurrence. 

Proteids.—Proteids are complex bodies of unknown high 
molecular weight and unknown constitution. ‘They contain car- 
bon, hydrogen, oxygen, nitrogen, sulphur, and sometimes phos- 
phorus. Proteids are exceedingly important, being necessary to 
the life of both plants and animals. The flesh of animals is com- 
posed largely of proteids, which are derived from vegetable pro- 
teids. When split up, proteids yield various amides, amido com- 
pounds and other bodies. This splitting up takes place during 
digestion, and the digested constituents are reunited in the animal 
body to form animal proteids, which are different from the 
original vegetable proteids. ‘The splitting up also takes place in 
the germination of seeds, when the reserve proteids are broken 
up into asparagin and other bodies, and used in the production 
of new tissue in the growing portions of the plant. 


Classes of Proteids."—The proteids are divided into three 
groups; simple proteids, conjugated proteids, and derived 
proteids. 

I. StmeLe Prorems.—(a) Albumins—Albumins are soluble 
in water and are not precipitated by sodium chloride or mag- 
nesium sulphate. They are coagulated and made insoluble by 
heat. The best example of an albumin is the white of an egg. 


(b) Globulins—Globulins are not soluble in water, but are 
soluble in solutions of sodium chloride, and other neutral salts. 
They are precipitated by removing the salts, or by saturating 
the solution with salts. 


(c) Alcohol soluble proteids are proteids soluble in 70 to 80 
per cent. alcohol, but insoluble in absolute alcohol or water. 
Several have been isolated. Gliadin is found in wheat; zein, in 
Indian corn, etc. 

~(d) Glutelins—These are not soluble in water, salt solutions, 
or alcohol. The glutenin of wheat is the only well characterized 
representative of this group yet obtained, though there are in- 
dications that they may be present in other cereals. 
1 Osborne, The Vegetable Proteins. 
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(e) Albuminoids, (f) histones, and (g) protamines have not 
been found in plants. They are animal proteids Protamines 
are the simplest natural proteids. 

II. ConyucATED ProTEIDS.—Conjugated proteids are com- 
plex proteids which can be split up into proteids and other bod- 
ies. Nueclo-proteids, formed from nucleic acid and protein, 
have been isolated from some plants. Glucoproteids may be 
split up into proteids and carbohydrates. Phosphoproteids con- 
tain phosphorus. Hemoglobins are compounds of proteids with 
hematin. Hemaglobin is found in the blood. 

III. DERIvED Protemws.—Derived proteids are produced from 
proteids by the action of acids, alkalies, alcohol, or digestive 
juices. Other important groups are proteoses, peptones, and 
peptides. — 

Proteoses.—Proteoses are soluble in water, and are not coag- 
ulated by heat, differing in this respect from albumins. ‘They 
are diffusible. 

Peptones.—Peptones are very easily soluble in water and are 
not precipitated by heat, by neutral salts or by nitric acid. They 
are precipitated by tannic acid, by absolute alcohol, and by picric 
acid. Proteoses and peptones are formed in the digestion of 
proteids within the animal body, by the action of the juices of the 
stomach (the gastric juice), which contain pepsin, upon them. 

Proteids in Plants.—The names and occurrence of some plant 
proteids are as follows: 

Legumin, which is found in considerable any in seeds of , 
pea, horse bean, vetch, and lentil. 

Vignin, the chief protein of the cow pea. 

Glycenin, a globulin, chief protein compound of soy bean. 

Gliaden, soluble in alcohol of 70-80 per cent., the most abundant 
proteid of wheat kernels. 

Hordein, soluble in alcohol, found in barley. 

Zein, most abundant in corn, easily soluble in alcohol. 

Vicilin, a globulin found in the pea, lentil, and horse bean. 

Composition of Proteids—The proteids vary in composition 
and properties. The percentage composition of some important 
vegetable proteids is given in the following table :* 

1 Osborne, The Vegetable Proteins, p. 49. 
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Globulin cotton seed...... 51.71 6.86 18.30 0.62 22.51 
Legumin vetch....-.....- Bey 2 6.95 18.04 0.39 22.90 
Hordein’ «sates ees 54.29 6.80 17220 0.85 20.86 
Globulin, wheat .......-..- 51.03 6.85 18.30 0.69 22503 
Gliadin, wheat ........... 52.72 6.86 17.16 1.03 Bi aie) 
Glutenin. wheat.......... 52.34 6 .83 17.49 1.08 22.26 


The factor 6.25 used for proteids requires 16.00 per cent. nitro- 
gen. The above proteids contain from 17.20 to 18.30 per cent. 
nitrogen. 

Amino Acids.—On hydrolysis, proteids yield simple crystalliz- 
able compounds, which are grouped as amino acids. The amino 
acids are regarded as the structural constituents of proteids, and 
while some amino acids are of less importance, others are in- 
dispensable for the proper maintenance or growth of the animal 
body. ‘Thus lycine is necessary for growth, and both lysine and 
tryptophane for maintenance. Proteids vary in the character 
and the quantity of the amino acids that they yield on hydrolysis. 
This is shown in the table :* 


COMPARATIVE COMPOSITION OF PROTEINS. 


Zein Gliadin Casein Lactal- Edestin 
Amino Acids (Maize) (Wheat) (Milk) Bumin fecay 
Per cent. | Percent. | Per cent. (Milk) Pecan 
Glycocoll ..........-...-. 0.00 0.00 0.00 0.00 3.80 
IMEWTKNG5. 0-45 ooACM odd no bode 13.39 2.00 1.50 2.50 3.60 
Wiallaitveraretete(cistencietarotate crete ers's 1.88 3.34 7.20 0.90 6.20 
Leucine... -- 1.222.220. eee 19.55 6.62 9.35 19.40 14.50 
IedelbhiG! oreo Gone cass saad ac 9.04 13.22 6.70 4.00 4.10 
Phenylalanine .......-... 6.55 2.35 3.20 2.40 3.09 
ASParti@ acid «sie « =) =!\ =e 170 0.58 1.39 1.00 4.50 
Glutaminic acid.......... 26.17 43.66 15.55 10.10 18.74 
SierainlGiy aaerainin Genesee aeiciarcie 1.02 0.13 0.50 > 0.33 
SWART Ein oo ou bug aeoe Dade 3.55 1.50 4.50 2.20 amie 
SUI C se ie a piacpnin> o/s ane ? 0.45 ? ? as 
ISU ECbUI(S soca oka Dogs pede 0.82 1.49 2.50 1.53 2.19 
GP OMLLING ves tis eae, ye on 6 « 1.55 3.16 3.81 3.01 14.17 
MGV GAIAB a close clown ct sreheis sa%s ns 0.00 ? FLeM 8.10 1.65 
Tryptophane, about ..... 0.00 1.00 1.50 + . 
Ammonia --...--.--.--... 3.64 5.22 1.61 132 2.28 
sti zal SGapoten oon ee 88.87 84.72 66.92 56.46 82.28 


1 Osborne and Mendel Jour. Biol. Chem. 17 (1914) 336. 
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Amides and Amido Compounds.—Amides, as distinguished from 
proteids, are nitrogenous compounds of known molecular weights 
and known constitution. They have little value in animal nutri- 
tion. 

In seeds they occur only in small quantity. They are more 
abundant in leaves and the growing parts of plants, and are parti- 
cularly abundant in germinating seeds. Nitrogenous material is 
converted into amides for the purpose of transportation through 
the plant. Amides are also formed from proteids by the action 
of acids, or the digestive juices of animals, or by other agencies. 

The most important amido compounds are leucin, tyrosin, 
phenyl-amido-proponic acid, asparagin, and glutamin. Of these 
asparagin is relatively the most common and most abundant in 
plants. It has the formela C,H,(NH,) (CONH,) (COGH): 
Leucin, tyrosin, and phenyl-amido-propionic acid are amido 
acids; that is to say, they are acids in which the amido group 
NH, has replaced an atom of non-acid hydrogen. ‘Thus leucin, 
C.Hiae( NH, )CO;H,4s derived from capronic/ acid; CoA, (C@ome 
by replacing an atom of hydrogen by NH,. 

Determination of Proteids and Amides.—An accurate method 
for this determination is much to be desired. The usual method 
consists in boiling the substance with water and precipitating the 
proteids with copper hydroxide. The nitrogen in the precipitate 
multiplied by 6.25 is supposed to give the proteids. The differ- 
ence between the precipitated nitrogen and the total nitrogen, is 
the amide nitrogen. 

PROTEIDS AND AMIDES IN PLANTS.! (IN DRY MATTER.) 


Proteids Amides 
Soja bean hay... --.- 5.21. eee cece eee teen cece tees oe Telefe} 7.0 
Cat tarlermalletiersce sere anorcucte: <pa-crovatetten ane cteveisies ousuattotoretenevene, ticle 8.3 4.7 
Sorghum fodder: sie 6. 6eiscle cles He Sia oie wale eleye vie men 7.9 Bar 
Peanut vine WAay- -. eee eee eee e ee cece cee e cece cone 9.1 2.4 
Cottonzseednreall’ sicrctebeievcrerere attkcrasteteiw oieleersPalemevesyeteicis cers AT 7, 0.6 
Crimson clover hay -..--.-.- ese. +--+ sees cence wees 13.9 Gira 
Corn meal) Hale sis.o Ts tassios eee be Se Soars aM Gs Danie elias Sieve occa 10.1 is 
Green rape-----.--.. --+--- ai aie tesabarcendesteqeforereters sfele teem in 16.2 0.8 
iia iy: Ha aiiy’= = crest clas=t aise erate aye henge epee eta) -te tS 4.4 1.2 
Cotton-seed! meal d siers ayer ges cvsrwi ata tuesysteepebel eleletousi« srs =, sceleiaie 47.2 0.6 
Timothy hay No. 2------ ---- 2.00 see cces cece cnee ee 5.3 0.7 


1 Bulletin 172, North Carolina Exp. Sta. 
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The preceding table shows that the protein of seeds consists 
mostly of proteids, but a considerable part of the protein of hays 
and fodders may consist of non-proteid materials. The per- 
centage of nitrogen in the amido compounds we have mentioned 
is given in the following table: 


NITROGEN IN AmMIDO COMPOUNDS. 


Per cent. 
UNGIENCAID noo ad 00} BO Ok DOR OOOO GS CERRO Soma ocrr 21.37 
Glutaniineeeee re eettoca cle «iciiee's os 2s 5 sell eee 19.31 
Clie ee oter eee alos ois see 0 40a) 0 16.87 
Phenyleanndo=proproniceacl@s k.ccics<..:. ss + easton 8.48 
AP ECOSIEL certs ee tee oes as ogo RM 773 


Considering that asparagin is the most common amide in plants, 
it is evident that the factor 6.25 (which requires 16 per cent. 
nitrogen) is too high. A percentage of 21.37 nitrogen requires 
the factor 4.68. 

Inorganic Nitrogenous Bodies.—Growing plants sometimes con- 
tain appreciable amounts of nitrates or ammonia. Very little is 
found in ripe seeds or plants. The nitrates or ammonia are 
taken up by the roots of the plants, and used for the production of 
organic nitrogenous bodies. 

Miscellaneous Nitrogenous Substances.—Other nitrogenous sub- 
stances found in plants are alkaloids, lecithin, chlorophyll, ete. 

Alkaloids are substances of poisonous or medicinal character. 
Since they are bases, they unite with acids to form salts. Allka- 
loids are not found to any extent in ordinary agricultural 
products. 

Lupine seeds contain from 0.02 to 0.65 per cent. alkaloids, 
according to the variety. ‘The principal alkaloid is called lupinin. 
The seeds are so bitter that, without special preparation, they are 
not eaten by animals. 

Tobacco contains 0.61 to 6.44 per cent. alkaloids, the chief be- 
ing nicotine. In the pure condition nicotine is very poisonous. 

Caffeine is an alkaloid found in coffee and tea, to which they 
owe a portion of their properties. 

Chlorophyll contains nitrogen, and so is included in protein. 

Nitrogen-Free Extract..—This term is used for the reason that 

1 See Tollens, Exp. Sta. Record 8, p. 641. 
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the material is soluble in acids and alkalies, and is free from 
nitrogen. The nitrogen-free extract of seeds, and of many con- 
centrated feeds consists largely of sugars, starches, and similar 
substances, which are easily digested and of high value to animals. 
But the nitrogen-free extract of hays, straws, and fodders con- 
tains only relatively small quantities of sugars and starches, and 
large amounts of less easily digested and less valuable material. 

The nitrogen-free extract makes up the largest part of most 
agricultural plants. In many instances it is as much as the sum 
of all the other constituents. ‘The percentages in the dry matter 
of certain plants are given in the following table: 

NITROGEN-FREE Extract. (IN Dry Marter.) 


Cordifodder rk) semen O's aie cttw ale abi eater 60.6 
AD att © Chiny Allah Vegetegt ARM RRME TEA te ioe Gels o,16 Sasuate staid muadeone ake qin eteaokele 52.8 
REDGCIOVER Mea Heme eee eso aoe elottie Mibiiesaote tare eee 45.8 
COWSPEa <VAN ESM TUS S f os se ON ee Roche Dee hei 43.6 
ROtAtOes + eee TCM © Ts ace ual. cashes cree ae 82.2 
Corn se Talia eer eels oi. sy a prlrewian aman c cas cote 77.4 
WWih eats so nati r tare yah aces oniere tes re nce haat e niclela Geeta 80.4 
LQLOR agi Sehr ek Sk SB SAC es bape oy, er Se ROC Rg 2) 5 65.5 
SOfarDeati emer ese olor ola ae be Poi cate eee antes Wapeemenate a2 


The nitrogen-free extract may contain sugars, starches, pen- 
tosans, hemi-celluloses, gums, vegetable acids, and miscellaneous 
bodies. It is composed to a large extent of carbohydrates. 

Carbohydrates.—Carbohydrates are compounds containing car- 
bon, united with hydrogen and oxygen in the proportion to form 
water. Chemically, they are related to alcohols and aldehydes or 
ketones. The general formula of carbohydrates is Cm(H,O)n. 
Glucose, C,H,,O,, starch (C,H,,O;)x and cane sugar (sucrose) 
C,.H,,O,,, are examples. Some carbohydrates are soluble in 
water and have a sweet taste, others are insoluble and tasteless. 
Some are easily acted upon by chemical reagents, while others, 
(particularly cellulose) are very resistant. All carbohydrates, 
however, may, by appropriate means, be converted into simple 
sugars. 

It is not correct to use the term “carbohydrates” to signify the 
nitrogen-free extract. The nitrogen-free extract consists partly 
of substances other than carbehydrates. Crude fiber also con- 
tains cellulose, which is a carbohydrate. 


1 Frear, Report Pennsylvania Station, 1903-4. 
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Sugars.——The sugars are carbohydrates which are soluble in 
water, and, as a general rule, have a sweet taste. Cane sugar, 
which is prepared from sugar cane or sugar beets, is the most 
common sugar. Sugars are divided into two groups: the simple 
sugars, or monosaccharides, represented by glucose, and the com- 
plex sugars, or polysaccharides, represented by cane sugar or suc- 
rose. ‘The complex sugars can be split up into one or more kinds 
of,simple sugars. The sugars can all be crystallized, but in some 
cases crystallization is difficult. 


Fig. 80.—A polariscope. 


Sugars are acted upon by acids and alkalies, forming various 
products, some of which are brown in color. Boiled with con- 
centrated hydrochloric acid, cane sugar gives a black precipitate 
called humic acid, the name being given chiefly on account of its 
black color. 

Optical Properties of Sugars.—If a ray of light is passed 
through a crystal of Iceland spar, it is split up into two rays, 
having peculiar properties, and called polarized light. If a ray 
of this polarized light falls upon another parallel crystal, in one 
position no light will pass through; if the crystal is rotated at an 
angle of 45°, all the light goes through, while in intermediate 
positions only a part is transmitted. 

If the two crystals referred to above are placed so that all the 
light passes through, and a solution of sugar then placed between 
them, the polarized light will no longer all go through the second 
prism, but the prism must be rotated to a certain angle before the 
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light will all pass through. ‘The sugar has twisted the ray of 
polarized light, or as it is termed, it has rotated the plane of 
polarization. ‘The degree of rotation depends on the kind of 
sugar, the strength of the solution, the length of the column, and 
the temperature. 

A polariscope* consists essentially of two Nicol prisms of Ice- 
land spar properly mounted, between which the substance is 
placed, having lenses for suitable management of the light and 
the image. In order to measure the rotation, either the second 
crystal (called the analyzer) may be rotated, and the angle of 
rotation read, or the rotation may be compensated by a quartz 
wedge, which is likewise read on a graduated scale. Several 
arrangements are made in order that the reading may be accurate. 
In one type of instrument, the circular ray of polarized light is 
split into two half-discs, so that if the crystal of quartz wedge is 
moved slightly to the right, one-half of the image becomes dark, 
and if it is moved slightly to the left, the other half becomes 
dark. ‘The intermediate position, at which both sides are of 
equal brightness, is the one at which the reading is taken. The 
instrument can be adjusted so that only a very slight change 
throws the shadow on the one side or the other. 

The polariscope affords a very rapid and accurate method for 
estimating sugar, especially cane sugar, and it is used extensively 
in the analysis of sugar, sugar cane, sugar beets, and in the con- 
trol of the processes of manufacture of sugar from cane or beets. . 

Reducing Power.—When simple sugars and certain compound 
sugars are boiled with copper salts in alkaline solution, the copper 
is reduced to cuprous oxide (Cu,O), and may be collected and 
weighed as such, or as metallic copper. This property is used 
for the detection of sugars, and also for their quantitative estima- 
tion. ‘The amount of sugar solution required to reduce a given 
amount of copper may be used to measure the amount of sugar. 
The amount of copper reduced depends upon the nature of the 
sugar, the volume of the solution, the time of heating, the com- 
position of the copper solution, and other details of the analytical 
process. 

1 See Wiley’s Principles and Practice of Agr. Chem. Anal., Vol. III. 
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Tables have been prepared showing the amounts of copper 
which were found by experiments to be reduced by given sugars 
under fixed conditions; these tables can be used in the estimation 
of sugars under the same conditions, but the details of the method 
used in preparing the tables must be followed carefully. 

The copper solutions used ordinarily are Fehling’s solution, 
containing fixed quantities of copper sulphate, sodium potassium 
tartrate, and sodium hydroxide; and Allihn’s solution, containing 
certain amounts of copper sulphate, sodium potassium tartrate 
and potassium hydroxide. Other solutions are used. Different 
sugars require different quantities of copper under the same con- 
ditions. For example, the same amount of copper will be reduced 
from Sachsse’s solution by the following amounts of sugars: 


Fructose 213 milligrams. 
Maltose 491 milligrams. 
Lactose 387 milligrams. 


Fermentation.—Under suitable conditions, yeast converts cer- 
tain sugars into alcohol and carbon dioxide according to the 
following reaction: 


CaO, = 2G HOt 2CO,. 


Yeast is a plant which grows in the solution, and develops an 
enzyme which changes the sugar as described. Like all plants, 
yeast must have nitrogenous food, also phosphoric acid, potash, 
and lime. Yeast will not grow well in pure sugar. An enzyme 
is a substance which causes a chemical change, without itself be- 
ing changed in the reaction. 

The simple hexoses are easily ferniented. Some of the com- 
pound hexose sugars ferment readily, while others must first be 
split up into the simple hexoses. Pentosans do not undergo the 
alcoholic fermentation. ‘There are other ferments which affect 
certain sugars and leave others untouched. ‘This property is 
utilized in separating pure sugars from mixtures. 

There are other kinds of fermentation, probably the most im- 
portant being the acetic fermentation, in which alcohol is con- 
verted into acetic acid (vinegar), and the lactic acid fermentation, 
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in which sugar is converted into lactic acid. This takes place in 
the souring of milk. 

Fermentation is important in the manufacture of cider from 
apple juice; wine from grape juices; and alcoholic beverages and 
alcohol from materials containing starch or sugar, such as po- 
tatoes, corn, rye, barley, etc. 

Classes of Simple Sugars.—Four groups of simple sugars are 
known to chemists, though only two of these are of agricultural 
importance. ‘The groups are: (1) the trioses, containing three 
carbon atoms in the molecule C,H,O,; (2) the tetroses, contain- 
ing four carbon atoms, C,H,O,; (3) the pentoses, containing five 
carbon atoms; and (4) the hexoses, containing six. All the 
natural carbohydrates are related to either the pentoses or the 
hexoses. The principal simple sugars are xylose and arabinose, 
which are pentoses; and glucose, fructose, mannose, and galac- 
tose, which are hexose sugars. 

Each of these sugars exist in three modifications, namely, one 
which rotates polarized light to the right, one which rotates 
polarized light to the left, and one which does not rotate it, and 
is inactive. ‘Thus we have d-glucose, I-glucose and i-glucose, 
dextro-, laevo-, and inactive glucose. Although many of these 
sugars are known, as a rule only one modification of each sugar 
is of natural occurrence. Thus natural glucose is dextro-rotatory, 
and was formerly called dextrose for this reason, and ordinary 
fructose is laevo-rotary, and was called levulose. 

Pentose Sugars, C,H,,O,;.—The pentose sugars occur to a very 
limited extent, if at all, in nature. They are of agricultural im- 
portance on account of their relation to the pentosans, which are 
found in large quantities in agricultural products. 

When distilled with strong hydrochloric acid, the pentoses and 
pentosans are converted into furfural,t which distils over with the 
acid : 

C,H,,.O; = C;H,O, + 3H.0. 
Pentose ‘ Furfural 

The furfural can be precipitated with a solution of phloro- 

glucinol, the product being furfural Sopecar The precipitate 
1 Landw. Versuchs-stat., 42, p, 381. 
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is filtered off, dried, and weighed. The quantity of furfural 
yielded by the different pentose sugars and by pentosans under 
definite conditions have been determined by experiments. 

Stoklasa found considerable quantities of water-soluble pen- 
tosans in sugar beet seed, and DeChalmot found small quantities 
in the leaves and bark of a number of plants. But pentose sugars 
have not been separated as such from plants, but are prepared by 
the* hydrolysis of certain pentosans. ‘The pentoses do not fer- 
ment with yeast. 

Arabinose, C;H,,O; = CH,OH(CHO),CHO, has been pre- 
pared from the pentosans found in lupines, soja beans, rye bran, 
wheat bran, plums, and cherry gum. It is easily prepared by 
boiling cherry gum with 2 per cent. sulphuric acid. It crystallizes 
beautifully, and has a sweet taste, but not as sweet as sucrose. 

Xylose, C;H,,O;, has been prepared from beech wood, jute, fir 
wood, cherry wood, laurel wood, wheat straw, corn cobs, oat 
straw, rye straw, corn bran, apples, etc. It crystallizes in prisms. 

Rhamnose, C,H,.0,; = CH,(CHOH),CHO, is methyl pen- 
tose, which yields methyl furfural by distillation with hydro- 
chloric acid. It is obtained from certain glucosides, and crystal- 
lizes in beautiful, sweet crystals. 


Hexose Sugars, C,H,,O,.—The two hexose sugars of common 
occurrence are fructose and glucose. They occur in equal quan- 
tity, in sweet fruits, flowers, certain vegetables. The other hex- 
oses are formed by the hydrolysis of certain carbohydrates. All 
the hexoses are fermented by yeast. 

d-Glucose, C,H,,O,, or grape sugar, occurs in grapes, sweet 
fruits, tomatoes, seeds, roots, leaves, flowers, honey, etc. ‘T'o- 
gether with fructose, it is formed by the hydrolysis of cane sugar. 
It is also formed by the hydrolysis of starch, and is the chief 
ingredient of many syrups. Nitric acid oxidizes it to saccharic 
acid, and glucose may be detected by means of this reaction. It 
is also detected through its optical properties. Glucose is a white 
crystalline substance, which is not so sweet as cane sugar. It is 
easily soluble in water and alcohol. It undergoes fermentation of 
various kinds readily. Glucose is produced commercially by the 
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action of dilute acids upon starch. The acid splits up the starch, 
and causes it to unite with water 

(CoO) een X CH OF 

Starch Glucose 
The thick syrup formed after the acid is neutralized and the solu- 
tion evaporated is called glucose syrup or corn syrup. It does 
not consist of pure glucose. If a solid mass is produced, it is 
called grape sugar. 

Fructose, C,H,.O,, accompanies glucose in most fruits and 
vegetables. It is difficult to crystallize. It is obtained by hydrol- 
ysis of inulin. So-called invert sugar is a mixture of equal quan- 
tities glucose and fructose, and is formed by the hydrolysis of 
sucrose. Honey is a natural invert sugar, dissolved in water, 
with small quantities of impurities. While glucose may be sep- 
arated from invert sugar comparatively easily, it is not easy to 
separate fructose on account of its difficult crystallizability. 

Mannose, C,H,,O,, has not been found in nature. It has been 
prepared by the hydrolysis of vegetable ivory, the seeds of palms 
and lilies, coffee beans, and gum arabic, etc. 

Galactose, C,H,,O,, has not been found as such in nature. It 
is a product of the hydrolysis of milk sugar, and of carbohydrates 
found in seeds of lupines, beans, soja beans, peas, vetch, cress, 
young clover, lupine, and lucerne plants, in gum arabic, fruits of 
pears, etc. Nitric acid oxidizes it to mucic acid, which is almost 
insoluble in water. A method for its estimation is based upon 
this fact. 

Compound Sugars.—The most important compound sugars are 
cane sugar, milk sugar, raffinose, maltose, and stachyose. They 
are derived exclusively from hexoses. 


Name and Formula Hydrolized to eles eeiaeen 
Cane sugar, C,.H,,O), ------ Glucose and fructose No action 
Milk sugar, Cj,H Oy ---? = Glucose, galactose Reduces 
Maltose, C,.H.,.0,; ---++-+-=- Glucose Reduces 
Raffinose, C,,H3,0,, --.- +--+ | Glucose, fructose, galactose No action 
Stachyose, C),H3,Oj, «-----: Glucose, fructose, glucose No action 
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Like the monosaccharides, the polysaccharides are neutral, 
sweet, colorless compounds, easily soluble in water, and they are 
readily crystallizable. They are easily converted into mono- 
saccharides by the action of warm dilute acids, or certain un- 
organized ferments. The ease with which this action takes place 
‘ depends upon the nature of the sugar; simply warming for a 
short time with a dilute acid is sufficient to split cane sugar 
(sucrose) into glucose and fructose, while maltose requires to be 
boiled for some hours with the acid for complete inversion. 

Sucrose, C,,H,,.O,,, is prepared from sugar cane, sugar beets, 
and maple sap. The impurities which accompany the sugar are 
different when prepared from these three sources, but no differ- 
ences can be detected in the sugar when it has been thoroughly 
purified. 

Sucrose is widely distributed. The juice of sugar cane, sweet 
sorghums, and sugar beets contains 10 to 20 per cent. Peanuts 
contain 4-6 per cent., sweet potatoes 1-3 per cent., the seeds of 
beans, peas, vetch, soja beans, hemp, and sunflower seeds contain 
4-6 per cent. Some fruits contain 5 per cent. or more. Green 
corn, before the ears are formed, is quite rich in sucrose. 

Sucrose crystallizes in regular crystals belonging to the mono- 
cline system. It is easily soluble in water and has a high dextro- 
rotatory power. It melts at 160° C. and solidifies on cooling to 
an amorphorous glassy mass. A high temperature converts it 
into a substance known as caramel, which is used for coloring 
some food materials. A still higher temperature carbonizes it 
with evolution of gases and vapors. 

Sucrose does not reduce Fehling’s solution, but can easily be 
converted into invert sugar, which has reducing power. ‘This is 
a method for its estimation. The polariscope is also used for the 
estimation of sugar. The inversion of sugar takes place in the 
ripening of some fruits, the curing of fodders, and in the cooking 
and preparation of human foods. 

Manufacture of Sugar.—The processes of manufacture from 
sugar cane and sugar beets vary somewhat in details. The beets 
are first sliced, and the sugar extracted with warm water or sugar 
solution, in a series of vessels. The water comes in contact first 

24 
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with beet slices nearly exhausted of sugar, then it is brought in 
contact with slices richer in sugar, and finally passes through the 
vessel containing fresh beet slices. ‘This system exhausts the 
beet, and at the same time secures a comparatively strong solu- 
tion of sugar. 

The sugar juice is acid. It is treated with lime to neutralize 
the acid, which would otherwise invert the cane sugar when the 
juice is heated and decrease the yield. ‘The lime also precipitates 
a quantity of impurities. The lime which goes into solution is 
next precipitated with carbon dioxide and the solution is finally 
neutralized and bleached with sulphur dioxide. 

The sugar solution is next evaporated until the sugar is ready 
to crystallize. Since inversion would take place at the tempera- 
ture required for rapid evaporation in the open air, and since 
there would also be danger of burning, the evaporation is carried 
on in a vacuum, in which the solution boils at a comparatively 
low temperature. The solution is drawn off when the sugar is 
ready to crystallize, allowed to cool, and the mother liquor ex- 
tracted from the crystals in a centrifuge by centrifugal force. 

Sugar is prepared from sugar cane in essentially the same way. 
The juice is squeezed out by passing the cane between heavy 
rollers, instead of being extracted by diffusion. The pressed cane 
is termed bagasse. ‘The sugar is sent to a refinery for further 
purification. 

Syrup is prepared from sorghum, sugar cane, or maple sap by 
evaporating the juice, usually in open kettles, with or without 
previous purification with lime and sulphur. 

Milk Sugar, C,,H,,.O,,, (lactose) is not found in plants, but 
occurs in the milk of animals to the extent of 3 to 6 per cent. It 
remains in solution when the casein and fat of milk have been 
separated (as occurs in the manufacture of cheese), and may be 
prepared by evaporating the liquid and recrystallization of the 
product. It appears as hard white crystals with a slightly sweet- 
ish taste. It is not as easily soluble in water as cane sugar. It is 
hydrolized to d-galactose and d-glucose. 

Milk sugar reduces Fehling’s solution and does not ferment 
until inverted. 
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Maltose, C,,H.,0,,, is formed from starch by the action of 
diastase, a ferment found in sprouting barley and other seeds, and 
is an intermediate product in the manufacture of beer, alcohol, 
and alcoholic beverages from starchy materials. It forms fine, 
white needles, is easily soluble in water, is easily fermented and 
may be hydrolized to glucose. 

Raffinose occurs in small quantities in sugar beets, and in barley, 
and in larger quantities in cotton seed. It crystallizes as needles 
or prisms, is easily soluble in water and methyl alcohol, but 
is scarcely soluble in ordinary alcohol. It does not act upon 
Fehling’s solution. It is first broken down by hydrolysis into 
two reducing sugars, fructose and melibiose; the latter is then 
split up into glucose and galactose. 

Stachyose occurs in the tubers of stachys tuberifera. It is 
hydrolyzed to galactose, fructose, and glucose. 


Starch (C,H,,0,),.—This is found in the most different organs 
of plants in the form of granules having an organized structure. 


Fig. 81.—Starch granules, (A) corn, (B) potato, (C) wheat, 
(D) bean. After Wiley. 


It is one of the first products of the assimilation of carbon 
dioxide, and can be easily detected in the chlorophyll granules of 
the leaf. It is transferred from the leaf in a soluble form, and 
used for the construction of other plant substance, or stored up as 
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reserve material as such. Starch is thus found abundantly in 
many seeds, roots, and tubers, the parts of the plant concerned 
with new growth. 

The starch granules vary in size and structure according to 
their origin. Potato starch appears mostly as oval granules with 
an average diameter of 0.07 millimeter, but it contains large 
granules. Wheat starch contains circular granules of two sizes, 
smaller than 0.007 millimeter diameter and larger than 0.2 milli- 
meter with few granules of intermediate size. The structure of 
the granules, and their behavior towards polarized light is also 
different, so that one familiar with their appearance can easily 
identify starches of different origin by means of a microscopic 
examination. 

The elementary composition of starch is represented by the 
formula C,H,,O,, but its molecular formula is not yet known. 
Many chemists hold that the starch molecule may contain more 
than 100 carbon atoms. 

Properties of Starch.—Air-dry starch contains 10 to 20 per cent. 
water. By carefully drying at 102-110° C., it may be obtained 
water-free. In cold water it is insoluble. With hot water the 
granules swell, break, and form starch paste, a pasty solution, 
from which a clear filtrate can be secured. By treating starch 
for several days with cold dilute mineral acids, it may be changed 
into “soluble starch,” which dissolves in hot water without forma- 
tion of a paste. Starch is tasteless and colorless. 

Starch is especially characterized by the blue color it gives with 
iodine. ‘This is a very delicate test for both starch and iodine. 
Starch is used as an indicator with volumetric solutions contain- 
ing iodine. 

When heated with dilute mineral acids under proper conditions, 
starch is converted almost quantitatively into glucose. As we 
have already seen, this property is utilized in the manufacture of 
glucose and glucose syrup from starch. 

Under other conditions, dilute acids change starch into a 
gummy substance termed “dextrin.” This occurs in some 
mucilages made from starch. 

When heated to a temperature above 120° C., starch is changed 
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to dextrin. ‘This takes place in the browning of flour, prepara- 
tion of toast, and some other processes of cooking. 

When starch paste is treated with malt (this is best done at a 
temperature of about 65°), it is converted into maltose and dex- 
trin, and goes into a solution, which may be fermented. Advan- 
tage is taken of this property in the manufacture of alcohol or 
alcoholic beverages from materials containing starch, such as 
ccrh, rye, barley, etc. The grain is ground, heated with water, 
treated with malt, and to the aqueous solution yeast is added to 
cause fermentation. If alcohol or whiskey is desired, the fer- 
mented material is distilled. The residue from the treatment 
w-th malt is dried and used for cattle food (brewers’ grains), or 
it may be fed without drying. 

Malt is partly sprouted barley, the sprouts being rubbed off. 
It contains an enzyme known as diastase, which acts upon starch 
as stated above. 

Manufacture of Starch.—Starch is made from potatoes, corn, 
arrow-root, cassava, and other materials rich in it. The prepara- 
tion of starch from potatoes is a simple mechanical operation. 
The potatoes are washed and grated to a pulp to break the cell 
walls. The starch is washed out of the pulped mass on sieves. It 

is allowed to settle and dry. With some other materials such 
as wheat and rice, the proteids which accompany the starch must 
be brought into solution by fermentation or by means of caustic 
soda. 

Inulin, C,H,,O;, is found dissolved, in a pasty condition, in 
many plants of the Compositae family, and in these plants plays 
the part that starch does in most others. It is obtained from the 
dahlia tubers. It is a white powder, composed of small crystals, 
easily soluble in warm water, being slowly precipitated on cool- 
ing, but readily by alcohol. It is not colored by iodine, hardly 
affected by diastase, and is much more easily hydrolized by dilute 
acids than starch. Since it yields only fructose, it is used for 
the preparation of pure fructose. 

Glycogen, C,H,,O,, is a starch-like carbohydrate found in 
animals. From 0.6 to 0.7 per cent. is found in the muscles; but 
it disappears while the animal is at hard work or starving. It is 
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contained in quantity in the liver, and is the reserve material 
formed from the excess of carbohydrates for the furnishing of 
sugar to the blood. 

Inosite, C,H,,O,.—Inosite has the composition of a carbohy- 
drate, but is a benzene derivative. It is found in the animal body, 
and is widely distributed in plants, especially in unripe fruits and 
beans. Phytin, which is also widely distributed in plants, yields 
inosite on hydrolysis. 

Gums.—Gums are found in many vegetable materials. They 
often exude from cut places. Both hexoses and pentoses are 
formed by the hydrolysis of gums. Some of the gums are the 
best materials for the preparation of the pentose sugars. 

The following are some gums and the sugars they yield on 
hydrolysis: 

Gum arabic yields galactose and arabinose. 

Wood gum, extracted from wood by alkalies. 

Cherry gum yields arabinose. 

Peach gum yields galactose and arabinose. 

Barley gum yields galactose and xylose. 

Galactan yields galactose and other sugars, and is found in 
leguminous plants. 

Pectins.—These are substances found in fruits and some fleshy 
roots. They are soluble in water, and precipitated as a jelly-like 
mass by alcohol. When boiled sufficiently, they jelly on cooling. 
If boiled too long, they will not jell. Pectins appear to be closely 
related to the carbohydrates, or belong to them. They are found 
in apples, pears, quince, cranberries, beets, turnips, etc. 

Hemicelluloses—This term has been proposed for the carbo- 
hydrates of the cell walls which are insoluble in water, but, un- 
like cellulose, are brought in solution by dilute acids or alkalies. 
Such carbohydrates are of extensive occurrence. The sugars 
produced by their hydrolysis are both pentoses and hexoses. 
Hydrated celluloses, formed by the union of cellulose with water, 
are largely dissolved by acids or alkalies, and hence would be 
classed with the hemicelluloses. 

Pentosans.—Pentosans may be defined as carbohydrates insol- 
uble in water, which yield pentose sugars on hydrolysis. ‘The 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 375 


reaction resulting in the formation of furfural when pentosans 
are boiled with strong acids, is used for their estimation. The 
pentosans are accompanied with a substance! which yields a fur- 
fural-like product, but which product decomposes on standing 
and does not distil with the furfural a second time. Pentosans 
occur in most plant materials, and are particularly abundant in 
hays and straws. The pentosans are chiefly gums, pectins, and 
hemicelluloses, though a certain quantity is always found in the 
crude fiber. 

Digested pentosans appear to be of considerable value to the 
animal. Although it is possible that they have the same value 
as starch, when once digested, yet the digested portion of feed- 
ing stuffs rich in pentosans has a decidedly lower value for pro- 
ductive purposes than feeds rich in starchy materials. This ap- 
pears to be due in part to the labor of chewing the crude fiber 
of such materials, but the labor of chewing does not account for 
the entire deficit. 

The following table shows the relative occurrence of these 
classes of substances in different materials.” 


NITROGEN-FREE EXTRACT OF SOME FEEDING STUFES. 


Per cent. on dry matter 


iets oa ens Pentosans| Residues 
Iibieedaby lehvS bones pobooe Soon pode 4.97 Boe 19.71 16.88 
(Cirzil) GaISS) Coeiomuscocde baooomMo LAT 1.42 0.47 4.35 21.40 
(Sew Peaic Tie a ctayainl =p) clere che «oe aie once = 5.66 6.83 52.20 
(BOT pa isinn anctoreyaten@ ne eterel Piniace “siatebarehe tore a 1.76 O-IT — — 
Cneil s#jScade oaocee denecooono dos 5.22 1.81 9.57 29.81 
(Choi udoreCeeyoh snateel laa nina oeeene eo oGoS 0.22 10.73 6.76 5.46 


Organic Acids.—Organic acids are found in plants and plant 
products, though often in very small quantities. They may be 
present in the free state, but are usually present as salts of lime 
or potash. In green plants the acids are found mainly in solu- 
tion in the sap; later on they are deposited into the cell tissues. 

The quantity of organic acids in ordinary agricultural plants. 


1 N.C. Bulletin, No. 178. 
2 Fraps, Jour. Am. Chem. Soc., 1900, p. 543. 
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is very small. Appreciable amounts are found in fruits and some 
vegetables. Yartaric acid occurs in appreciable amounts in 
grapes, and is deposited as potassium acid tartrate in wine. 
Small amounts are found in pineapples, cucumbers, and tomatoes. 
Malic acid occurs in apples, from which it gets its name, but is 
widely distributed, occurring in a number of fruits and vegetables. 
Oxalic acid and succinic acid are found in many plants. 


Citric acid is present in lemons and limes, and in small amounts 
in pears, beans, cherries, and other fruits. Tannic acid is not 
present in food plants to appreciable extent, though it is found 
in tea and coffee. It is used for tanning leather. Some plants 
are grown for the tannic acid they contain. 


Lactic acid occurs in silage and sour milk. Acetic and pro- 
pionic acids are found in silage. 


The organic acids have little food value, but affect the palat- 
ability of the food, and perhaps exert a favorable influence upon 
digestion by stimulating the secretion and flow of the digestive 
juices. 


Crude Fiber.'—The organic residue left after extraction of 
plant substance with ether and boiling it successively with 1% 
per cent. acid and alkali, is termed crude fiber. The process is 
arbitrary, and the object in view when it was devised was to se- 
cure a product as free as possible from nitrogen. 


Crude fiber consists of cellulose, lignin, cutin, pentosans, and 
other substances. Digested crude fiber appears to be equally 
as good as starch, but the labor of chewing materials containing 
much crude fiber, largely counteracts the value of the food. 


Seeds and tubers contain little crude fiber. Hay, straw, chaff, 
and woody materials in general may contain considerable quan- 
tities. For the crude fiber content of some materials, see the 
tables of analyses. 


About 20 per cent. of the pentosans of hays and straws is in 
the crude fiber, making up Io to 15 per cent. of the crude fiber. 


1 See Tollens, Exp. Sta. Record 8, p. 649. 
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Total Pentosan in 

pentosan crude fiber 
Timothy Way ---- ee eee cece eee ee ences ee eee 24.86 5-15 
Crab-grass hay.--------- sees secre e cee ee ee eeee 26.25 4.35 
(Mey rornecrereél IjnilS-05 d one ODIDO OO De OCC enG 20,00 5.36 


Cellulose, C,H,,O;.—-Cellulose is the chief constituent of the 
cell walls of plants. It is insoluble in warm dilute acids or 
alkalies. In young parts of plants, the cell walls are composed 
of almost pure cellulose. In older organs the cellulose is inter- 
penetrated with “incrusting material.” Cellulose is found 
abundantly in woody tissue of all kinds. Cotton is almost pure 
cellulose. Flax and hemp are composed largely of cellulose. 
It may be prepared by treating the material successively with 
ether, boiling dilute acid, boiling dilute alkali, and then with 
cold dilute nitric acid and potassium chlorate to remove the in- 
crusting material. ‘The residue consists of cellulose. Cellulose is 
a colorless insoluble material. Its molecular weight is unknown. 
Cellulose may be dissolved in a solution of copper oxide in am- 
monia. It also dissolves in concentrated sulphuric acid. If the 
solution is immediately diluted with water, a jelly-like mass is 
precipitated. If digested for some time with the acid, and the 
solution then diluted and boiled for some time, sugar is produced. 
The product is glucose from cotton and many other celluloses, 
but d-mannose is secured from some other celluloses, such as 
those from the coffee bean and sesame seed. ‘The function of 
cellulose in plants is to form the structure of plant cells. In seeds 
it acts as a reserve material. Digested cellulose appears to be 
equal in value to other carbohydrates. Cellulose contains 44.4 
per cent. carbon. 


Lignin.—This is the term applied to the incrusting substances 
which accompanies the cellulose in wood and woody cells. Crude 
fiber is largely composed of this mixture or, perhaps compounded 
of cellulose and lignins. The chemical nature of the lignins is 
not clearly known. ‘They do not appear to belong to the group 
of carbohydrates, but contain more carbon, 55-60 per cent. Cucin 
contains 68-70 per cent. carbon. 
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The quantity of lignins in the plant increases with the age of 
the plant tissue. Young woody tissue may contain little lignin, 
while old woody tissue may be composed largely of it. The 
greater the quantity of lignin in the material, the lower its value 
for feeding purposes. 


Organic Phosphorus Compounds.—Plants contain organic phos- 
phorus compounds, chief among which is phytin,t which may be 
decomposed into inosite and phosphoric acid. ‘This substance is 
found especially in wheat bran, rice bran, and cotton-seed meal. 
Other organic phosphorus compounds are present. 


Vitamines.—The deficiency of substances termed vitamines 
from the the human diet is believed to give rise to diseases such 
as scurvy, pellegra, and beri-beri. Pigeons and rats do not thrive 
on diets from which vitamines are excluded. Apparently they 
are present in milk, leaves and many vegetable products. It is 
possible that growing pigs may suffer from deficiency of 
vitamines when fed on rations from which milk, green feed or 
tankage is absent. 


Heat Value.—The energy of a feed or nutrient is measured by 
the heat which it produces when burned. The unit of heat is the 
calorie, written c., which is the amount of heat required to raise 
the temperature of I gram water 1° Centigrade. The large 
calorie (C) is 1,000 c, and the therm (T) is 1,000 C. Several 
kinds of calorimeters are used. In the bomb calorimeter, the 
material is placed in a platinum capsule in an iron vessel, lined 
with platinum or enamel. The bomb is filled with oxygen under 
high pressure, and placed in a vessel of water with a stirrer, and 
thermometer, and properly insulated to decrease heat changes. 
The material is ignited by means of an electric current which 
heats a small piece of iron wire, and the rise in temperature of 
the water is ascertained. Knowing the amount of heat required 
to heat the apparatus, the quantity of water, the rise in tempera- 
ture, and the loss of heat by radiation, the amount of heat pro- 
duced by the known weight of substance may be ascertained. 


1 N. Y. (Geneva) Bull. 250; Texas Bull. 156. 
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Urine is either evaporated in a vacuum directly, or absorbed in 


2 


Hi 
S| 


Fig. 82.—Calorimieter (Atwater and Hempel) in which the substance 
is burned in compressed oxygen. 


paper of known heat value, and then dried. Heat measurements 
are made very often in investigations of animal nutrition.* 


1 For discussion of heat values of nutrients, see Stohmann, Exp. Sta. 
Record No. 6, p. 590. 


CHAPTER XVIII. 


COMPOSITION OF PLANTS AND FEEDS. 


Feeding stuffs are divided into two great groups—concentrates 
and roughages. A concentrate, or concentrated feeding stuff, 
consists of seeds, and various milling by-products. A concen- 
trate is rich in protein or in nitrogen-free extract and contains 
comparatively small amounts of crude fiber. As a general rule, 
the crude fiber of a concentrated feed does not exceed 10 per 
cent., though there are exceptions ; crushed whole cotton-seed, for 
example, contains about 27 per cent. Examples of concentrates 
are corn, wheat, rice bran, cotton-seed meal, gluten meal, wheat 
bran, etc. 

A roughage is a feed containing relatively high percentages of 
crude fiber and much smaller amounts of nitrogen-free extract 
and protein. Further, the constituents of the nitrogen-free ex- 
tract are less digestible and less valuable to the animal than those 
of concentrates. 

Seeds.— The seed contains an embryo plant with sufficient plant 
food and organic matter to give the young plant a good start in 
life. Seeds of agricultural importance may be divided into three 
classes : 

(a) Starchy Seeds.—Seeds of the cereals belong to this group. 

(b) Oily Seeds.—Seeds of cotton, flax, hemp, soy bean, sun- 
flower, mustard, etc., belong in this group. Oil is manufactured 
from them. 

(c) Seeds Rich in Protein.—Seeds of peas, beans, and other 
leguminous crops belong in this group. 

Other classes of seeds are known, but they are not of great 
agricultural importance. 

Germination.—In germination, the reserve material in the seed 
is converted into soluble forms, conveyed into the growing plant, 
and formed into new material. The chemistry of this change 
depends to some extent upon conditions. ‘The proteids are con- 
verted into asparagin and other amido bodies, and the fat is 
oxidized and changed to soluble materials, which are used by the 
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plant. ‘The reserve carbohydrates undergo changes similar to the 
fat. In some seeds, as in barley, ferments are formed which 
change starch into sugar. 

The changes in composition of seeds on sprouting may be 
studied by allowing a weighed quantity of seed to sprout in the 
dark, and determining the constituents of the original seed, and 
of the sprouted seed. The sprouting must take place in the dark, 
since when light is present carbon dioxide is assimilated and dif- 
ferent changes occur. 


Composition of Plants at Different States of Growth.—Plants do 
not have the same composition at different stages of growth. The 
plant increases in weight up to maturity. In the earlier part of 
the life of the plant, nitrogenous material is taken up more 
rapidly. Before the formation of fruit, the reserve material pro- 
duced is stored up in leaves, stem, roots, or tubers. At the time 
of fruiting, this reserve passes into the seed. During the later 
stages of plant growth, lignification of the tissues takes place. 
That is to say, the cellular material becomes penetrated with lig- 
nin and the stems, etc., become more woody and difficult to digest. 

The composition of plants at different stages of growth may 
be studied in two ways. 

The first method consists in selecting and analyzing average 
specimens of the plant at the desired periods of growth. This 
method of experiment shows the change in the individual plant. 


The second method consists in harvesting definite areas of the 
same field when the field has reached the average condition de- 
sired-and subjecting samples to analysis. This method represents 
the production of the field at different stages of growth. The 
plants harvested are not all in the same condition of growth. 
This method is better suited for small plants and grasses than the 
first method. Both methods are open to error, as there may be 
differences in the soil or in the individual development of differ- 
ent plants. 

The general results of these experiments are as follows: 


The water in the green plant decreases with the age of the 
plant. In order to eliminate the effect of this variation, the per- 
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centages of other constituents of the plant should be calculated 
to percentages of the water-free substance, or dry matter of the 
plant. The statements below refer to the composition of the 
dry matter. 

The percentage of ash usually decreases with the age of the 
plant. ‘That is, after a very early period the production of or- 
ganic matter takes place more rapidly than the withdrawal of 
ash material from the soil. 

The percentage of protein decreases decidedly. In some cases 
the percentages when the seed are nearly ripe are only about 
half those at the beginning of growth. The protein, however, 
consists largely of amides or amido compounds in the early 


COMPOSITION OF SOME PLANTS AT DIFFERENT STAGES OF GROWTH. 


Water-free 
Water Nitro 
Ash Protein | Fiber non tres pie nee, 

Corn 

July 22....-..2222 eee 88.61 8.5 L722 26.0 45.1 B22 

July 29------- eeeee eee 85.76 8.0 14.4 27.3 47.6 eG 

August 5, tasseled ..--- 84.64 5.9 11.8 26.4 53.6 a 

August I3+---+-++-+---- 82.08 5-7 Talis 2 24.1 56.9 2 

August 27.--..+---.---- 81.15 4.7 8.9 24.3 60.3 1.8 

September 3-----.----+- 76.81 4.2 9.2 20.9 63.1 2.6 
Timothy 

June 23, nearly headed..| 78.70 7.5 TIAO 28.7 49.0 3.8 

July 3, full bloom...... 71.92 (oye 8.3 Barae ih atons 3.0 

July 14, out of bloom -..) 65.70 5.2 Bay 34.7 55-7 2.7 

July 30, nearly ripe--..- 62797 5.0 5.5 srl 50.2 2/2 
Kentucky Blue Grass 

April 28, 3 to 6 inches --| 68.05 | II.5 18.0 22.2 42.7 5.6 

May 8, 8 inches .....--.. 66.71 LO. 1355 22-7) 48.9 4.2 

May 18, panicles spread- 

IMG oo 05 etree cece eee 63.33 8.7 Taped 24.4 51.9 3.9 
May 28, early bloom.---| 62.91 | © 8.5 9.7 29.1 50.5 22, 
June 7, after bloom..... 61.24 8.7 7.9 29.9 51.8 2077, 
July 5, im seed..-.---.-. B70 akOsO 7.9 30.5 48.5 Balt 

Red Clover 
Just before bloom .....- 61.21 8.3 14.3 27.8 47.9 1.7 
Full bloom...........-- 47.13 lag 13.5 27.8 48.6 2.4 
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stages of the plant’s life, and these amides have little or no 
value for the production of flesh. As the plants approach matur- 
ity, the percentages of non-proteid nitrogen decreases. 

The fat is irregular, though it shows a tendency to decrease. 
The crude fiber increases with most plants. Indian corn is an 
exception, since the production of a large quantity of starchy 
seed decreases the percentage of fiber. The nitrogen-free ex- 
tract usually increases, though the changes are somewhat irregu- 
lar. The digestibility decreases. 

The total quantity of dry matter per acre appears to increase 
during the entire period of growth. In the latter stages of 
maturity of the plant, the increase is largely made up of crude 
fiber. 

Some analyses of plants at different stages of growth are 
shown in the table." 


Time of Harvest.—The best time to harvest depends on the 
kind of plant and the purpose for which it is grown, as well 
as on the weather of the harvesting period. 

Suppose hay is grown for market. The object then is to se- 
cure the largest possible quantity of hay of the highest market 
value. A large quantity of low grade hay may, or may not, be 
more profitable than a smaller quantity of high grade hay. 

Suppose hay is grown for feed. The object is then to get the 
largest possible amount of digestible nutrients per acre. ‘The 
best period of harvest for this purpose is when the piant is in 
full bloom. 

Suppose the clover or grass is grown for seed. Then the ob- 
ject is to produce the most seed of the best quality. The seed 
must be well matured, but at the same time the harvest must 
not be so late that any considerable quantity is lost by shattering. 


Other Factors which Influence Composition.—Other factors 
which influence the composition of crops are the seed, the soil, 
climate, and method of preparation or preservation. 

The composition and individuality of the seed influence the 
composition and size of the plant. In many cases, the heavier 


1 Compiled from Bulletin 11, Office Exp. Station, U. S. Dept. Agr. 
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the seed, the more vigorous the young plant. The larger seed, 
of course, contain more reserve material and plant food. 

Selection of seed from individuals of a desired type may affect 
the composition of the plant. Thus, at the Illinois Station, corn 
of high and low protein and high and low fat have been pro- 
duced. By selecting seeds from beets containing high quantities 
of sugar, the sugar content of the sugar beet has been increased 
8 to 10 per cent. It is not possible to improve all crops in this 
way. 

The soil affects the composition of the crops to some extent. 
Foliage crops grown upon rich soils contain a larger percentage 
of nitrogen than those grown on soils poor in nitrogen. Leaves 
and stems are influenced to a greater extent than seed by the soil, 
because the seed are more constant in composition. Wheat and 
other grains show material differences in composition when 
grown upon different soils. Not all plants are affected by the 
composition of the soil. Laws and Gilbert found that the use 
of nitrogenous and mineral manures for twenty years did not 
affect the nitrogenous content of wheat. 

As the plant contains more nitrogen during early stages of 
growth, anything which cuts short the growing season wili cause 
the crop to contain slightly more nitrogenous material. If the 
growth of the plant is checked at the time of seed formation, 
shrunken or immature seed may result. Such grain contains less 
starch and more nitrogenous compounds than those fully 
matured. Plants grown in arid or semi-arid regions may con- 
tain a higher percentage of nitrogen than in regions of more 
abundant rainfall. For instance, the nitrogen content of Texas 
cotton-seed meal‘ is considerably greater in the western or semi- 
arid part of the state than in the eastern part. Crops grown with 
liberal irrigation in dry sections contain less protein than those 
grown without irrigation or with a limited supply of water.” 

Hay and Hay Making.—Hay is the dried and partly fermented 
leaves and stems of certain grasses and clovers. Some fer- 
mentation is requisite to develop the characteristic flavor and 


' Texas Bulletin, 70. 
2 Utah Bulletin, 120. 
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aroma. ‘The method used for hay making depends on the char- 
acter of the plant and the climate. A succulent plant and a 
moist climate demands more care than dryer plants and a dry 
climate. Some plants, such as cow-peas, are difficult to cure on 
account of the large succulent vines, which remain moist after 
the leaves have become dry and so brittle that they break off. For 
a similar reason alfalfa also is difficult to cure. Often alfalfa 
hay Consists entirely of stems. 

The Arkansas Experiment Station found that young or vigor- 
ously growing vines of cow-peas very difficult to cure even 
under favorable weather conditions while mature vines cured 
with little difficulty in favorable weather, and usually made good 
hay even after an exposure to rain and cloudiness from two to 
four days. 

In hay making the plants are usually cut and allowed to lie ex- 
posed to the sun all day; then raked or piled into heaps more or 
less loose, for further curing, and finally piled into larger heaps, 
or taken to the barn. If the large heaps are formed while the 
material is too moist, excessive fermentation will take place, 
which in some cases has gone so far as to set fire to the stack. In 
Wisconsin, Short found that by leaving hay out four days after 
cutting, during which time there was a rain, there was a loss of 
over 4% per cent. dry matter and 3% per cent. protein. Six 
weeks later nearly one-fourth of the dry matter and protein had 
disappeared. 

Emmerling left grass exposed for 18 days, during nine of 
which rain fell, with the results given in the following table: 

PERCENTAGE LOSS OF INGREDIENTS OF HAY IN EXPOSURE TO RAIN. 


In cocks In swaths 
Dry NPA tacnate ede cunktialeteiarels eiateiercrcieraremelece nia’ “wrel sess)’ 18.3 29.4 
ivipcdaga BS cagpe Clo Saco DECUMH OOO On como Coie Bene 31.0 41.0 
CSE eo Hit ebro Aeros EOS OO Cet OEE 29.0 24.8 
BiG estile PEOLEINs- «vie Ge oes achh visas e's ee sec soe: 19.8 38.8 


Even without rain, when the process of drying is slow, a loss 
takes place due to-the respiration of the living tissues by which 
protein is decomposed or non-proteins oxidized. ‘The loss has 

25 
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been as much as 12 per cent. dry matter in 10 days with young 
grass. 

Silage.—Silage is a feeding-stuff preserved in a moist condi- 
tion. It is made by placing the finely chopped material in an air- 
tight receptacle. More or less fermentation takes place,’ which 
destroys sugar, produces acids and causes the loss of 10 or 
12 per cent. substance. ‘The acidity of the silage depends upon 
the conditions of preparation. If a silo is filled rapidly, the 
mass weighted down and the air excluded as much as possible, a 
slow fermentation takes place, caused by bacteria, which results 
in a very acid product, termed sour silage. It may contain 0.6 
to 1.6 per cent. acid. If the material is put in slowly and loosely, 
a preliminary rapid fermentation takes place which heats the 
mass, destroys the acid-forming bacteria, and excludes air. Fer- 
mentation then goes on more slowly, producing a sweet silage. 
Too high a temperature would produce bad results. Sweet 
silage is said to become moldy on exposure to the air, while acid 
silage is relatively resistant to decay. ‘The changes are due to 
the living cell, and enzymes of the plant as well as to bacteria. 

The following experiment shows the effect of temperature on 
the silage. ‘The volatile acid is chiefly acetic acid, the non- 
volatile is lactic. 


‘Temperature of formation Volatile acid | Non-volatile 


Per cent. acid. Per cent. 
Below 32° C------ eee eeee cone cect cece cee ee eee 0.62 to 1.56 | 0.10 to0.g 
BQ LOPA GSH Cis oe wlera wisiale n\e)je\niclafeisne a10)e|e\e ivie)efele ele) s)eieier= 0.38 to 1.19 | 0.31 to 0.23 
oicoNrOr (eC Cantide Guidiooon Ntabnocooudododueaodcc 0.00 to 0.6 | 0.02 


The fermentation also converts some of the proteid nitrogen 
into non-proteids, the action going so far as even to form a small 
quantity of ammonia. 

A silo must be perfectly air-tight or che loss resulting will be 
great; the walls must be rigid, the inner surface must be smooth 
and uniform, and it should dry out quickly and completely. 

Losses in Silage Making.—The top layer in the silo is not suit- 
able for feed. ‘The loss in a silo depends upon its construction, 


1 Bulletin 70, Connecticut Station. 
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on the crop siloed, and on the amount of moisture present. The 
loss is much lessened by proper construction of the silo. The 
amount of moisture present in the crop had the following effect 
in one experiment : 


Moisture, per cent. Loss, per cent. 
Chey) Doug cand no DOL 600 00Cd GCUn SO Rn BORE OE OCIeaeopio es 6c. 8.63 
"Als ONeuehenetetet ttettiogealaiseleal cele !eY= lin lot siete «\ejs\lsis sie: s-0:0."nie's/s) «01 elt ie) afeslebe 10.01 
YEMNG) Hocods boon Gb DSO Soo ND IOOO By MoO DOE OMemCIgnIOD Hmong asc 16.66 


An excess of moisture thus causes a greater loss. Water is 
sometimes added to crops siloed when they do not contain 
enough water to make good silage. 

As regards the nature of the crop, King found the unavoidable 
loss for corn to be 5 to 10 per cent., and for clover 10 to 18 
per cent. Corn well matured and in good condition for shock- 
ing, but with leaves still green, is in the proper stage for silage. 
Silage from immature fodder is more acid than that from more 
mature plants. . 

Feed Laws.—Many of the States have laws regulating the sale 
of concentrated commercial feeding stuffs. The laws usually 
require the feed to be true to name, and prohibit the sale of un- 
wholesome feed. A guaranteed analysis is usually required; 
some states require a guarantee of protein and fat only, others 
require crude fiber in addition to protein and fat, and still others 
require a guarantee of nitrogen-free extract in addition to the 
others. A guarantee of protein and fat is not sufficient to show 
the quality of the feed, and laws which require only such guar- 
antee cannot be considered to provide sufficient protection. 

It is not sufficient that the feed should come up to the guar- 
anteed analysis, but it should be composed of the ingredients 
claimed, and no one should purchase a feed without knowing what 
feeding stuffs are present. It is possible to make up the guar- 
anteed analysis by means of substances of high composition but 
of low digestibility and low feeding value. Mixed feeds are 
often put on the market which contain ingredients that could 
not be readily sold separately and are often sold at prices far in 
excess of their real feeding value. 

The guaranteed analysis of a feeding stuff must, therefore, be 
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regarded as a guarantee of the quality of the particular feed 
claimed to be sold. ‘The fact that the feed comes up to the 
guaranteed analysis is not necessarily proof that the feed is com- 
posed of the ingredients named, but the feed should be examined 
microscopically or otherwise when necessary. ‘Two feeds of the 
same guaranteed analysis do not necessarily have the same feed- 
ing value, unless they are the same feed. A feed should be 
true to name, regardless of the guarantee. If foreign matter has 
been mixed with it, the feed is adulterated, regardless of the 
chemical analysis. Feeds are sometimes adulterated with other 
by-products of the same process of manufacture. Wheat bran 
may be adulterated with screenings; cotton-seed meal may have 
such a quantity of hulls left in it that it is no longer entitled to 
be called cotton-seed meal; an excess of hulls may be run into 
rice bran. 

The term feeding stuff does not include indigestible materials, 
such as peat, earth, ground leather, sand, etc., or poisonous 
materials, such as poisonous plants, poppy seeds, castor-oil seed 
meal, etc. The value of a feed depends upon its nature and its 
chemical analysis. Chemical analysis alone is not sufficient, since 
materials vary considerably in digestibility and nutritive value, 
even with the same chemical composition. A microscopic ex- 
amination is also necessary. 

Injurious Feeds.—Rust and smut fungi sometimes cause disease 
or injury to animals eating the diseased feed. Moldy feed is 
liable to be dangerous to animals, as poisonous substances may 
be present. Yeasts found in by-products from beverages, etc., 
cause fermentation in the stomach. Boiling or steaming will 
obviate such danger. Frozen fodder fed in quantity is liable 
to cause digestive disturbances. When it thaws, it readily decom- 
poses. Many kinds of weed seeds, such as field poppy, and corn 
cockles, have injurious effects. Sand, dirt, and ashes may cause 
no injury, but sometimes they give rise to serious digestive dis- 
turbances, constipation, or even death. 

Percentage of Water.—The quantity of water in feeds, etc., 
may be seen on reference to the tables. Hay and straw contain 
12 to 17 per cent., cereal grains 11 to 15 per cent., and oil cake and 
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meal contains 6 to 13 per cent. Meals, cakes, and grain easily 
undergo decomposition if they contain more than 14 per cent. 
water, especially in warm weather.’ 

Preparation of Feeds.—Crushing or grinding the grain is often 
of advantage, especially for certain kinds of animals, or for those 
with defective teeth, or when the grain is small or hard. ‘The 
following shows the effect of feeding oats to horses, with 
chopped hay: 


Per cent. 
dry matter digested 
Witte levoutsie ca) acres selene Oe 3k Ae GS 64.6 
CHIE EG OBIS y Kad acid dH REO Re Onn RI ease 68.6 
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Corn, rye, buckwheat, kafir corn, milo maize, and leguminous 
seed, should best be ground for all animals. The following are 
some differences : 


Dry matter digested 


Horses Pigs 

Per cent. Per cent. 
DUBE GE AWE Mie ciicherareiren on veto: ax sus, isle wie. or suala eeenetet sree Sy tienens are 82.5 74.4 
(Garcia sia CARES Roe SC RC eRe ae 89.5 88.4 


In a number of experiments with pigs, the effect of grinding 
the corn was to reduce by 6 per cent. the quantity needed for 
the same gain in weight. Moistening the feed prevents its be- 
ing blown away and prevents the fine particles of meal from 
getting in the eyes or lungs. Cooking, scalding, or steaming kills 
weed seeds, injurious molds or bacteria, and animal parasites, but 
as a rule, decreases the digestibility of the feed. Cooked or 
steamed food, however, is valuable for pigs. The following 
shows the effect of cooking: 


Digestibility of protein 


Bran Hay 

Percent. Per cent. 
INPRO KE Clstereirinicte stotarte ie lel ateaiel ciceloiseraiaversa cise's)s (ss 77.0 46.0 
SS EeatieGerretevors sueous ame ohere lin kale tennis uel) tenciotieyetetol ete s elisa 70.0 30.0 


1 Texas Bulletin 152. 
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Condition of Growth—The stage of growth, as we have 
already seen, affects the composition of the plant. Plants grown 
wide apart give coarser fodder than those sown thickly. Soil 
and manures also affect the nutritive values of plants, especially 
in meadows, where acidity or unfavorable soil conditions may 
promote the growth of plants not well suited for pasturage. 
Liming and drainage may encourage growth of clovers, vetches, 
and sweet grasses. Addition of nitrogenous manure may cause 
increased percentages of protein. Weather conditions also 
affect the quality of the plants. In wet years, the plant grows 
larger and more woody. In dry seasons, the plant is short and 
compact. 


Composition of Feeding Stuffs-The composition of feeding- 
stuffs shown in the various publications represents the average 
of variable analyses.1_ Changes in methods of manufacture have 
rendered many older analyses obsolete. The average com- 
position varies with different sections of the country, and for 
information in regard to the composition of local feeds, the 
student should consult the reports and Bulletins of his State 
Experiment Station. Reports of Feed Control officials also show 
the composition of concentrated feeding stuffs, while the guar- 
anteed analyses are printed on the package, or a tag attached 
to it. 


Classes of Roughages.—Roughages may be divided into the 
following groups: 

I. Fodders—Corn fodder, corn husks, kaffir stover, sorghum. 
These contain from 3 to 12 per cent. protein and from 23 to 35 
per cent. crude fiber. 

II. Cereal Straws. Oat, barley, rice, rye, and wheat straws, 
containing 3 to 6 per cent. protein and 35 to 4o per cent. crude 
fiber. 

III. Grass Hays—Bermuda, Johnson grass, timothy, millet, 
etc., containing 5 to 15 per cent. protein, and 22 to 35 per cent. 
crude fiber. 

IV. Legume Hays.—Alfalfa clover, cowpeas, peanuts, vetch, 

1 Bulletin 11, Office Exp. Sta. 
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etc., containing 12 to 20 per cent. protein and 20 to 28 per 
cent. crude fiber. 

V. Waste Milling Products.—Peanut hulls, corn cobs, cot- 
ton-seed hulls, oat chaff, oat hulls, rice hulls, wheat chaff, etc., 
sometimes mixed with concentrated feeds, but properly classed 
with roughage. They contain 2.5 to 5 per cent. protein and 30 
to 48 per cent. crude fiber. 

WI. Fresh Grass or Fodder.—Millet, oats, barley, sorghum, 
timothy, etc., contain about 80 per cent. water and I to 4 per 
cent. protein. 

VII. Fresh Legumes.—Alfalfa, clover, cowpea, vetch, etc., 
containing 70 to 85 per cent. water and 2. 5 to 5 per cent protein. 

VIII. Silage—Corn, sorghum, clover, usually corn containing 
70 to 85 per cent. water and 1 to 4 per cent. protein. 

IX. Roots and Tubers—Carrots, potatoes, turnips, beets, etc., 
containing 70 to go per cent. water and 1 to 3 per cent. protein. 


Classes of Concentrates ‘I'he concentrates used in feeding 
are largely by-products from the manufacture of various articles. 
These feeding stuffs may be grouped according to their chemi- 
cal composition or according to their origin. ‘They are distin- 
guished from roughages by being rich in protein or nitrogen- 
free extract, and low in crude fiber. 

Concentrated feeds may be arranged in six groups, according 
to their content of protein: 


I. Protein 30 to 50 per cent.—Cotton-seed meal, gluten meal, 
linseed meal, dried distiller’s grains, peanut meal. 

II. Protein 20 to 30 per cent.—Malt sprouts, gluten feed, cot- 
ton-seed feed, dried brewers’ grain, germ oil meal, whole pressed 
cotton seed. 

III. Protein 14 to 20 per cent.—Wheat middlings, wheat bran, 
wheat shorts, oat middlings, flax feed, rye feed, cotton-seed, sun- 
flower seed. 

IV. Protein 10 to 14 per cent.—Rice bran, rice polish, ground 
oats, ground wheat, barley meal, rye meal, hominy feed, oats 
mixed with barley. 

V. Protein 8 to to per cent.—Corn bran, corn meal, corn chops, 
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corn and oat feed, oat feed, dried beet pulp, beet molasses, kaffir 
corn, milo maize, corn and cob meal, sorghum seed. 

VI. Protein less than 8 per cent—Cane molasses. 

Feed Definitions——The following definitions have been 
adopted by the Association of Feed Control Officials of the 
United States. 

Meal is the clean, sound, ground product of the entire grain, 
cereal or seed which it purports to represent. 

Chop is a ground or chop feed, composed of one or more dif- 
ferent cereals or by-products thereof. If it bears a name descrip- 
tive of the kind of cereals, it must be made exclusively of the 
entire grains of those cereals. 

Screenings are the smaller imperfect grains, weed seeds and 
other foreign material having feeding value, separated in clean- 
ing the grain. 

Flax plant by-product is that portion of the flax plant re- 
maining after the separation of the seed, the bast fiber and a 
portion of the shives, and consists of flax shives, flax pods, 
broken and immature flax seeds and the corticle tissue of the 
stem. 

Alfalfa meal is the entire alfalfa hay ground, and does not 
contain an admixture of ground alfalfa straw or other foreign 
materials. 

Blood meal is ground dried blood. 

Meat scrap and meat meal are the ground residues from an- 
imal tissue exclusive of hoof and horn. If they contain any 
considerable amount of bone, equal to over 10 per cent. phos- 
phoric acid, it must be designated meat and bone scrap, or meat 
and bone meal. If they bear a name descriptive of their kind, 
composition or origin, they must correspond thereto. 

Digester Tankage is the residue from animal tissue exclusive 
of hoof and horn, specially prepared for feeding purposes by 
tanking under live steam, drying under high heat, and suitable 
grinding. If it contains any considerable amount of bone, it 
must be designated Digester meat and bone tankage. 

Cracklings are the residue after partially extracting the fats 
and oils from the animal tissue. If they bear a name descriptive 
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of their kind, composition or origin, they must correspond 
thereto. 

Brewers’ dried grains are the properly dried residue from 
cereals obtained in the manufacture of beer. The product shall 
bear the designation indicating the cereal predominating. 

Distillers’ dried grains are the dried residue from cereals ob- 
tained in the manufacture of alcohol and distilled liquors. 

Malt sprouts are the sprouts of the barley grain. If the 
sprouts are derived from any other malted cereal, the source 
must be designated. 

Buckwheat shorts or buckwheat middlings are that portion 
of the buckwheat grain immediately inside of the hull after 
separation from the flour. 

Rice bran is the cuticle beneath the hull. 

Rice hulls are the outer chaffy coverings of the rice grain. 

Rice polish is the finely powdered material obtained in polish- 
ing the kernel. 

Oat groats are the kernels of the oat berry. 

Oat hulls are the outer chaffy coverings of the oat grain. 

Oat middlings are the floury portion of the oat groat obtained 
in the milling of rolled oats. 


Oat shorts are the covering of the oat grain lying immediately 
inside the hull, being a fuzzy material carrying with it consider- 
able portions of the fine floury part of the groat obtained in the 
milling of rolled oats. 

Clipped oat by-product (term oat clippings not recognized ) 
is the resultant by-product obtained in the manufacture of clip- 
ped oats. It may contain light, chaffy material broken from the 
ends of the hulls, empty hulls, light, immature oats and dust. 
It must not contain an excessive amount of oat hulls. 

Corn bran is the outer coating of the corn kernel. 


Corn feed meal is the sifting obtained in the manufacture of 
cracked corn and table meal made from the whole grain. 

Corn germ meal is a product in the manufacture of starch, 
glucose and other corn products and is the germ layer from 
which a part of the oil has been extracted. 
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Grits are the hard, flinty portions of Indian corn without hulls 
and germ. 

Hominy meal, hominy feed, or hominy chop is a mixture 
of the bran coating, the germ and a part of the starchy portion 
of the corn kernel obtained in the manufacture of hominy grits 
for human consumption. 

Corn gluten meal is that part of commercial shelled corn that 
remains after the separation of the larger part of the starch, the 
germ and the bran by the processes employed in the manufacture 
of cornstarch and glucose. It may or may not contain corn sol- 
ubles. 

Corn gluten feed is that portion of commercial shelled corn 
that remains after the separation of the larger part of the starch 
and the germ by the processes employed in the manufacture of 
cornstarch and glucose. It may or may not contain corn sol- 
ubles. 

Cotton-seed meal is a product of the cotton seed only, composed 
principally of the kernel with such portion of the hull as is nec- 
essary in the manufacture of oil; provided that nothing shall be 
recognized as cotton-seed meal that does not conform to the fore- 
going definition and that does not contain at least 36 per cent. of 
protein. 


Choice cotton-seed meal must be finely ground, not necessarily 
bolted, perfectly sound and sweet in odor, yellow, free from 
excess of lint, and must contain at least 41 per cent of protein. 


Prime cotton-seed meal must be finely ground, not necessarily 
bolted, of sweet odor, reasonably bright in color, yellow, not 
brown or reddish, free from excess of lint, and must contain at 
least 38.6 per cent. of protein. 

Good cotton-seed meal must be finely ground, not necessarily 
bolted, of sweet odor, reasonably bright in color and must con- 
tain at least 36 per cent. of protein. 

Cotton-seed feed is a mixture of cotton-seed meal and cotton- 
seed hulls, containing less that 36 per cent. of protein. 

Cold-pressed cotton seed is the product resulting from subject- 
ing the whole undecorticated cotton seed to the cold-pressure 
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process for the extraction of oil, and includes the entire cotton 
seed less the oil extracted. 

Ground cold-pressed cotton seed is the ground product result- 
ing from subjecting the whole undecorticated cotton seed to the 
cold-pressure process for the extraction of oil, and includes the 
entire cotton seed less the oil extracted. 

Wheat bran is the coarse outer coatings of the wheat berry 
obtained in the usual commercial milling process from wheat 
that has been cleaned and scoured. 

Short or standard middlings are the fine particles of the outer 
and inner bran separated from bran and white middlings. 

Wheat white middlings or white middlings are that part of 
the offal of wheat intermediate between shorts or standard mid- 
dlings and red dog. 


Shipstuff or wheat-mixed feed is a mixture of the products 
other than the flour obtained from the milling of the wheat berry. 


Red dog is a low grade wheat flour containing the finer par- 
ticles of bran. 


Wheat bran with mill run screenings is pure wheat bran plus 
the screenings which were separated from the wheat used in pre- 
paring said bran. 


Wheat bran with screenings not exceeding mill run is either 
wheat bran with the whole mill run of screenings or wheat bran 
with a portion of the mill run of screenings, provided that such 
portion is not an inferior portion thereof. 


Linseed meal is the ground product obtained after extraction 
of part of the oil from ground flaxseed screened and cleaned of 
weed seeds and other foreign materials by the most improved 
commercial processes. 


Oil meal is the ground product obtained after the extraction of 
part of the oil by crushing, cooking and hydraulic pressure or 
by crushing, heating and the use of solvents from seeds which 
have been screened and cleaned of weed seeds and other foreign 
materials by the most improved commercial processes. When 
used alone the term “oil meal” shall be understood to designate 
the product obtained from screened and cleaned flaxseed. When 
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used to cover any other product the name of the seed from which 
it is obtained shall be prefixed to the words “‘oil meal.” 

Old process oil meal is the ground product obtained after ex- 
traction of part of the oil by crushing, cooking and hydraulic 
pressure from seeds screened and cleaned of weed seeds and 
other foreign materials by the most improved commercial proc- 
esses. When used alone the term “old process oil meal” shall 
be understood to designate the product obtained from partially 
extracted, screened and cleaned flaxseed. When used to cover 
any other product the name of the seed from which it is obtained 
shall be prefixed to ‘“‘old process oil meal.” 

New process oil meal is the ground product obtained after 
extraction of part of the oil by crushing, heating and the use of 
solvents from seeds screened and cleaned of weed seeds and other 
foreign materials by the most improved commercial processes. 
When used alone the term “‘new process oil meal” shall be under- 
stood to designate the product obtained from partially extracted, 
screened and cleaned flaxseed. When used to cover any other 
product the name of the seed from which it is obtained shall be 
prefixed to “new process oil meal.” 

Unscreened flaxseed-oil feed is the ground product obtained 
after extraction of part of the oil from unscreened flaxseed by 
crushing, cooking and hydraulic pressure or by crushing, heating 
and the use of solvents. When sold without grinding the un- 
ground product shall be designated as “unscreened flaxseed-oil 
feed cake.” 

Screenings oil feed is the ground product obtained after ex- 
traction of part of the oil by crushing, cooking and hydraulic 
pressure or by crushing, heating and the use of solvents from the 
smaller imperfect grains, weed seeds and other foreign materials 
having feeding value separated in cleaning the grain. The name 
of the grain from which the screenings are separated shall be 
prefixed to “screenings oil feed.” 

Yeast or vinegar-dried grains are the properly dried residue 
from the mixture of cereals, malt and malt sprouts (sometimes 
cotton-seed meal) obtained in the manufacture of yeast or vine- 
gar, and consist of corn or corn and rye from which most of the 
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starch has been extracted, together with malt added during the 
manufacturing process to change the starch to sugars and malt 
sprouts (sometimes cotton-seed meal) added during the manu- 
facturing process to aid in filtering the residue from the wort 
and serve as a source of food supply for the yeast. 

Oil cake is the residual cake obtained after extraction of part 
of the oil by crushing, cooking and hydraulic pressure from seeds 
screened and cleaned of weed seeds and other foreign materials 
by the most improved commercial processes. When used alone 
the term “oil cake” shall be understood to designate the product 
obtained from partially extracted, screened and cleaned flax seed. 
When used to cover any other product, the name of the seed 
from which it is obtained shall be prefixed to “oil cake.” 

Ground oil cake is the product obtained by grinding oil cake. 
When used alone, the term “ground oil cake” shall be understood 
to designate the product obtained from partially extracted, 
screened and cleaned flax seed. When used to cover any other 
product the name of the seed from which it is obtained shall be 
prefixed to “ground oil cake.” 

Ground flax seed or flax-seed meal is the product obtained by 
grinding flax seed which has been screened and cleaned of weed 
seeds and other foreign material by the most improved commer- 
cial processes. 

Palm kernel oil meal is the ground residue from the extraction 
of part of the oil by pressure or solvents from the kernel of the 
fruit of the Elaeis guineensis or Elaeis malanococca. 

Ivory nut meal is ground ivory nuts. 


CHAPA HR: XIX. 


DIGESTON. 


Digestion converts food into forms which can be dissolved in 
water, or absorbed and utilized by the body. The digestive or- 
gans vary in size, shape, and capacity with different kinds of 
animals. Some animals, such as dogs, fowl, pigs, and men, have 
short digestive organs, adapted only to concentrated foods, such 
as meat, cereal grains, etc. ‘The digestive organs of other an- 
imals, such as sheep, goats, cows, etc., are large and adapted to 
bulky food containing small amounts of nourishment. Horses 
and hogs have smaller digestive organs. 

Outline of Digestive Process.—The first step in digestion is 
preparation of the food by chewing or grinding. This usually 
takes place in the mouth. The food is there moistened with 
saliva, a slightly alkaline liquid, which not only softens the food 
and lightens the labor of chewing, but contains an enzyme termed 
ptyalin which converts starch into sugar. Most of the work of 
digestion is performed by enzymes, substances which have the 
power of transforming other substances into simpler substances 
without themselves being changed. Enzymes present in the food 
consumed are also believed to aid in digestion. Ptyalin acts only 
in an alkaline medium, and as soon as the food becomes acid by 
fermentation or by means of the gastric juice, its action stops. 
Grinding or other preparation of the food before feeding will 
partly decrease the labor of chewing. Grinding is especially 
necessary for pigs, or for other animals when small hard seed 
are fed. When whole grain is fed to cattle, it is sometimes im- 
perfectly masticated, and a considerable number of grains passes 
through undigested. 

The sheep and the ox have four stomachs. ‘The first and sec- 
ond stomachs are used to store the food until it is returned to 
the mouth for a second mastication. ‘The food then passes to the 
third stomach, which has a sieve-like structure, where the food 
is kneaded and ground up. The digestion takes place in the 
fourth stomach. 
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These animals are called ruminants, and are able to utilize 
coarser feed than animals which have only simple stomachs. 
Fermentation takes place in the first stomach of ruminants, since 
temperature and other conditions are very favorable to the action 
of bacteria. Lactic acid is produced from soluble carbohydrates, 
proteids are split up, amides are affected, and even crude fiber 
may undergo some slight change. Carbon dioxide, hydrogen, 
marsh gas, acetic acid, butyric acid, and lactic acid are some of 
the products of the fermentation. This process dissolves some 
of the nutrients, and breaks up the cell walls, thereby allowing 
the entrance of digestive juices. It also softens the materials 
and so favors the disintegration of hard vegetable structures 
when chewed again in the mouth. The acids which are formed 
gradually decrease the fermentation, until they finally stop en- 
tirely the action of the bacteria, since an acid medium is unfavor- 
able to their activity. 

Stomach Digestion—When food enters the true stomach, the 
gastric juice is slowly poured upon it. The gastric juice con- 
tains hydrochloric acid, lactic acid, and three enzymes, which can 
act only in an acid medium. Pepsin prepares the proteids for 
digestion by splitting them into albumoses and peptones. Rennin 
which is found largely in the stomach of young animals, coag- 
ulates the casein of milk and other proteids. Lipase splits fats 
and oils into glycerol and fatty acids. 

Intestinal Digestion—When the food enters the intestines, it is 
gradually mixed with bile, the pancreatic juice, and intestinal 
juices and being alkaline they put an end to the action of the 
gastric juice. 

Bile acts chiefly to form soaps with the fatty acids and to 
emulsify the fats and oils. The emulsion consists of minute 
drops of fat, suspended in the liquid, and both the emulsified fat 
and the soaps can be absorbed. Bile is also able to convert starch 
into sugar. 

The pancreatic juice exerts a vigorous digestive action upon 
proteids, fat, and starch. It contains the enzymes trypsin, which 
acts on proteids; amylopsin, which rapidly changes starch into 
sugar; and steapsin, which emulsifies and splits fat. The pro- 
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teids are converted into amino acids, such as leucin, tyrosin, 
aspartic acid, etc., as well as albumoses and peptones. 

Intestinal juices also exert a digestive action, especially on 
protein and starch. ‘The intestinal walls contain erepsin, which 
complete the digestion of proteids by splitting albumoses, pro- 
teoses and peptone into amino acids. 

Bacteria increase in numbers as the food passes along the intes- 
tines; fermentation and putrefaction gradually supersede the ac- 
tion of the digestive juices. In herbivorous animals, digestion 
is aided by the enormous number of bacteria present in the lower 
portions of the intestines. ‘These bacteria act upon the un- 
digested food, split up fats, change starch, and other carbohy- 
drates into lactic, butyric, and acetic acids, and exert consider- 
able digestive action on crude fiber. They may also synthesize 
proteids from amides or ammonia and so make them available 
to the animal. ‘Three gases, carbon dioxide, marsh gas, and hy- 
drogen, are formed in the process. The crude fiber is digested 
only by such fermentation. A quantity of substances which 
would not be acted upon by the digestive juices are dissolved 
and made useful to the animal. 

Absorption.—The dissolved nutrients are absorbed to some 
extent by the walls of the stomach, but most largely by the intes- 
tinal walls, and pass either directly into the blood, or first into the 
chyle and then into the blood. 

The Proteids are taken up as amino acids, which are found in 
the blood and are thereby furnished to the various cells and or- 
gans of the body for the production of nitrogenous material. 
Certain pure proteids, such as zein, do not furnish the amino acids 
necessary to maintain the body, and others, such as gliadin, fur- 
nish amino acids necessary for maintenance, but not for growth." 
A soluble mixture of amino acids will sustain life or promote 
growth as well as proteids. It is possible that the products of 
digestion of certain proteids may be injurious. 

Fats are absorbed as fatty acids, as glycerol, as soaps, and in 
a finely divided form suspended in the digested solution, as an 
emulsion. There is a union of fatty acids and glycerol in the 

1 Osborne and Wendel, Jour. Biol. Chem., 17, (1914) 325. 
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absorbing membrane, so that only fats enter the chyle or blood. 

Carbohydrates are converted into simple sugars (grape sugar, 
fructose, etc.,) or by fermentation, into acids, such as lactic acid, 
butyric acid, etc. These appear to some extent in the chyle, but 
more largely in the blood. 

Various methods are used in studying the processes of diges- 
tion. The digestive juices have been secured from animals, and 
their action tested upon various constituents of the food. The 
process of digestion has also been to some extent observed 
through openings made into the digestive organs by accident or 
intention. ‘The contents of digestive organs have been removed 
and examined. 

Rennet prepared from the stomach of calves; and pepsin, pre- 
pared from animals killed in the slaughter house, are commercial 
products, the former being used in coagulating milk in the manu- 
facture of cheese, and the latter for medicinal purposes. None 
of the digestive ferments so far isolated have the power of 
causing crude fiber to go into solution. ‘The intestinal bacteria, 
however, when inoculated into a medium containing crude fiber, 
cause it to be partly dissolved, producing marsh gas, carbon 
dioxide, organic acids, and soluble products which can be ab- 
sorbed and utilized. 

Excretion.—The undigested residues, mixed with gallic acid, 
mucus, with other animal products (metabolic products), and 
with digested but unabsorbed material, are finally ejected. 

The excrement is by no means free of digestible materials. 
The quantity of digestible matter is small, however, unless the 
food is imperfectly masticated, or unless its premature evacua- 
tion is caused by digestive disturbances. 

The time required for the passage of food through the body 
varies with different kinds of animals. Residues of the food 
begin to appear in 12 hours with the dog, 36 hours with the pig 
and three or four days in the excrement of the cow, sheep, goat, 
or horse. The residues are usually completely execreted in 7 to 
8 days by cows, sheep, and similar animals, though bulky food 
may continue to appear for 14 days if followed by easily digested 
food, such as young grass, etc. 

26 
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Metabolic Products.—The transformation which food under- 
goes within the animal is termed metabolism and the products of 
the life action are termed metabolic products. ‘The metabolic 
products in the excrement are residues of digestive juices and 
other animal products. A portion of the intestine, isolated but 
left within the body, has been found to collect a certain amount 
of waste materiai, which, under normal conditions passes into 
the excrement. In ordinary digestion experiments, the metabolic 
products in the excrement may, for all practical purposes, be 
regarded as a portion of the undigested food, since they repre- 
sent so much material lost from the body in the excrement. In 
other experiments, however, the metabolic products must be 
taken into account. The metabolic products contain protein, or 
fat and ash, but no carbohydrates or crude fiber. In some diges- . 
tion experiments with food poor in fat, or with materials very 
poor in protein, more fat or protein has been found in the excre- 
ment than was present in the food eaten. ‘The quantity of met- 
abolic fat is, however, small, and of little importance, though it 
affects the apparent digestibility of the ether extract of feeds 
containing only small quantities. 

The metabolic nitrogenous substances are of more importance. 
There are two ways of estimating the quantity of metabolic 
nitrogen. One method consists in feeding the animals on mate- 
rials nearly free of nitrogen, and estimating the nitrogen in the 
excrement. For example, Pfeiffer fed hogs on potato starch, 
cane sugar, olive oil, and salts, a ration almost free of nitrogen, 
and found the excrement to contain 4.4 per cent. protein. Kell- 
ner obtained similar results with sheep which were fed sawdust, 
sugar, and starch. 

The other method does not give us the exact quantity of 
metabolic protein, but gives the maximum quantity that may be 
present. Kuhn* has devised a method for estimating digestible 
protein, by means of pepsin and hydrochloric acid. By experi- 
ments on animals he has proyed that the indigestible protein fed 
(estimated according to this method) is exactly equal to the in- 
digestible protein excreted. That is to say, the animal cannot 

1 Landw. Versuchs-stat., 1894, p. 204. 
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digest the protein found to be indigestible according to Kuhn’s 
method. ‘The metabolic products in an excrement, then, cannot 
be greater than the protein digested from it with pepsin-hydro- 
chloric acid, though they may be less. 

As a result of twenty experiments, Kuhn found from 0.36 to 
0.58 gram of pepsin-soluble nitrogen in excrement from oxen, 
with an average of 0.48 gram for each 100 gram of digested dry 
matter. 


Fig. 83.—Goats ready for digestion experiment. 
North Carolina Station. 


The averages of other workers are as follows: Pfeiffer 0.52 
gram, Jordan 0.44 gram, Wolfe 0.47 gram. It appears that, on 
an average, not more than 0.45 gram of metabolic nitrogen (equal 
to 2.8 grams protein) is excreted per 100 grams of digested dry 
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matter. Some metabolic mineral matter is also present in the 
excrement. 

Digestion Experiments.—The nutrients which disappear during 
the passage of food through the animal body are said to be 
digested. All that disappear do not pass through the membranes 
of the digestive organs, however, as some of them are converted 
into marsh gas and carbon dioxide by fermentation and escape as 
gases. The object of a digestion experiment is to determine, by 


Fig. 84.— Stall used for digestion experiments with sheep. 
Wyoming Station. 


trials on animals, the actual amounts of the different nutrients 
which are digested. Ina digestion experiment, a known quantity 
of food is fed, the excrement from it collected, and both food 
and excrement are subjected to analysis. The quantity of each 
nutrient fed and digested is calculated, and the quantity of 
nutrient digested is divided by the quantity fed. The dividend, 
expressed as percentages, is the coefficient of digestibility. 

With men, the faeces from different meals are not mixed in 
the body, and can easily be separated by appropriate means. 
Thus, at the meal before beginning the experiment, the man 
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swallows a capsule of charcoal. Then for two or three days he 
eats the ration to be tested. At the end of the period he takes 
another capsule of charcoal. The dividing line between excre- 
ments from the meal without charcoal and the one with charcoal, 
is easily distinguished, and the excrement from the ration tested 
can be separated easily. 


Fig. 85.—Sheep arranged for digestion experiment. Wyoming Station. 


With domestic animals, the food from different meals is mixed 
so thoroughly in the stomach and intestines that not only is it im- 
possible to distinguish one meal from another, but the residues 
from a given meal may appear in the excrement for three or 
four days. Such animals are fed a uniform quantity of food 
long enough to ensure the elimination of previous food residues, 
and the excrement is collected for a definite number of days. It 
is assumed that the excrement corresponds to the food fed on 
corresponding days. ‘This assumption is justified if the period 
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of collection is long enough to compensate for the irregularities 
in elimination of the excrement. A period of only three or four 
days is likely to give incorrect results. The collection period 
should not be shorter than six days for pigs, eight days for sheep, 
and ten days for cattle.* 

In digestion experiments with dry feeding-stuffs, a sufficient 
quantity of the feeding-stuffs should be secured before the ex- 
periment is begun. After ascertaining, by trial, how much the 
animal will eat, the feeding stuff should be mixed thoroughly, 
and the quantities to be fed each day should be weighed out care- 
fully before beginning the experiment; at the same time, samples 
should be taken for analysis. 

The animal is fed exactly the same ration for a period of from 
16 to 18 days. ‘The first 6 to 8 days feeding is for the purpose 
of eliminating residues from the previous ration, and is called the 
preliminary, or preparatory period. At the end of this period 
the digestion period begins, in which the excrement is collected 
for analysis. ‘This lasts about 10 days. ‘The excrement may be 
secured in rubber bags attached to the animal, if small. It may 
also be conveyed in rubber ducts to a pen below the stall, or 
caught in a special pen behind the animal. The animal may also 
be kept on a grating, so that the excrement falls through, or an 
attendant may follow the animal and catch the excrement. 
With small animals, the excrement is collected every 24 hours, 
mixed thoroughly, and an aliquot part dried at a low temperature 
(60-70° C.). With horses and cattle, the aliquot should be taken 
every I2 hours, as the large masses remain warm and ferment 
rapidly. After drying, the samples are mixed and analyzed. If 
green feeds, silage, or similar materials are to be tested, equal 
quantities should be weighed for feeding each day, and a sample 
for analysis should also be taken every day and dried at once. 
The quantity of feed should be adjusted to the appetite of the 
animal before the preliminary feeding period begins. Residues, 
even when weighed and analyzed, introduce disturbances and 
diminish the value of the work. 

If a concentrated feeding-stuff is to be tested, the digestibility 

1 See Kellner, Exp. Sta. Record 9, p. 504. 
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of hay is first determined, then the concentrate added, and the 
digestibility of the mixture ascertained. The nutrients digested 
from the hay are subtracted from those digested from the mix- 
ture, and the difference is assumed to represent the material 
digested from the concentrate. It is assumed that ingredients of 
the mixture are digested to the same extent as the feeds would 
be separately, but this is not always the case, as we shall see. To 
guard against abnormal conditions of the digestive organs, and 
also to secure a more accurate average, at least two animals 
should be used. 

The following is an example of an experiment! on one sheep. 
The preliminary feeding with 8 days, and the digestion period, 
10 days. ‘Three sheep were used, but the figures are given for 
only one. 


DIGESTION EXPERIMENT WITH ONE SHEEP. 


: Crude Nitro- 
Protein Fat fiber gen tree Water Ash 
Alfalfa hay fed, composi- 
tion per cent. ......-- TOue7a eres Awe 38.34| 34.96] 10.99 8.14 
Excrement, sheep No. 2, 
composition percent.| I1.12| 3.62 AG+82)| - 27-78)|(a7-26 9.40 
Fed 4,400 gms. alfalfa, con- - 
taining gmis.......--- 711.0 | 62.0 {1,246.1 |1,537-2 — | 358.0 
Excrement, 1,667 gms. 
containing gms .-.-.-.- 185.4 | 60.3 680.5 | 463.1 = 156.7 
Digested)... <i. i. 0.02005 525.6 TG / 565.6 |1,074.1 — | 362.3 
Percentage digested ....-- 73-9 Day 45.4 69.9 _ 56.0 


Artificial Digestion.—By artificial digestion we mean labora- 
tory tests to ascertain the digestibility of constituents of feeding- 
stuffs. Only with proteids has any measure of success been at- 
tained in this way. As before stated, the proteids not digested 
by Kuhn’s method are not digested in the animal. Kuhn’s 
method, then, offers us a means for ascertaining the maximum 
digestibility of the protein of feeding-stuff. The animal cannot 
digest any more proteids than is indicated by the method, though 
it may digest less. In Kuhn’s method, 2 grams of feeding-stuff 

1 Bulletin 147, Texas Exp. Sta. 
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are treated with 1 gram of pepsin dissolved in 500 cc. of 0.2 per 
cent. hydrochloric acid, maintained at the blood heat 48 hours, 
and the hydrochloric acid increased from 0.2 to 1.00 per cent. by 
additions of acid at intervals of 12 hours. ‘The residue is then 
filtered off, washed, nitrogen determined in it and calculated to 
protein. 


Influence of Different Conditions on Digestion.—The digestion 
of food depends upon a number of conditions. ‘The kind, variety, 
and age of the animal, composition of the rations, the prepara- 
tion of the food, and other circumstances, have been studied by 
proper arrangement of the experiments. 


Kind of Animal.—Differences in the digestive organs, digestive 
secretions, and habits of animals make considerable differences 
in their digestive power. The digestive organs of sheep and 
goats are twenty-seven times as long as their bodies; of the ox, 
twenty times; of pigs, fourteen times; and of the horse, eleven 
times. Ruminants have greater ability to digest coarse fodders 
than other animals. Sheep digest less than cattle, particularly of 
coarse fodders which are hard to digest, apparently because the 
contents of the last intestinal tract of cattle is more moist and the 
process of fermentation continues longer. The more digestible 
the material, the less the difference. 


On account of shorter intestines and simpler organization of 
the stomach, the horse has a less digestive power than ruminants, 
especially for coarse fodders. ‘The horse digests only about half 
as much from straw as does the ox. The difference is most 
marked with crude fiber and ether extract; there is little differ- 
ence in protein, especially in concentrated feeds. 


Pigs have less digestive power than horses or cattle for green 
feeds, and by-products containing much crude fiber. With grain 
and oil cakes, the difference is less; but there are many by- 
products, such as brewers grains, which the pig digests poorly. 


The following experiments were made to compare animals of 
different kinds, fed on the same fodder: 
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ray : Crud Nitrogen- Crud 
ei hetante erate nee ct fat ‘ 
Oat straw—Cattle ..--...-. 58 32 58 43 
Sheep -------- 48 19 49 50 
Difference .-...---- . IO 13 9 = 
Meadow hay—Cattle.....-. 67 61 70 61 
Sheep..-.-- 65 57 69 57 
Difference......-...-. 2 4 I 4 
Meadow hay, poor quality - 
Sheep -..«..-..2.-+5... 59 54 62 46 
ETO RSE rks erase cleviasecatoleve nels 47 57 56 24 
Difference..<. 5. ce.-3 Il —3 6 oF 
Clover hay—Sheep --..--.- 56 56 61 56 
Horse...-....-. 51 56 64 29 
Difference.....-.....- 5 = =o 27 13 
Corn (grain)—Sheep -.... 89 79 gI 85 62 
Horse....-. 89 77 94 6 70 
PUMCHEICEa oe cain tame « = 2 = 24 wie 
Clover, young—Ruminant 74 74 83 65 60 
Hogs --- 54 49 71 24 24 
Difference............ 20 25 12 4I 36 
Corn (grain)—Ruminant.-. gI 72 94 85 aa 
Hogs ------ go 79 94 74 44 
Difference eleie wa sls © eels. 1¢ = 7/ p= Il 33 


Other conditions regarding digestion by the animal which have 
’ been studied are as follows :* 
1. Different breeds of the same animal have the same average 


digestive power. 


2. Different individuals of the same variety may have different 
digestive power, due to faulty teeth, too rapid consumption of 
food, defective chewing, great nervousness, abnormal conditions 
of the digestive organs, chronic sickness, or defects of the diges- 


tive organs. 


1 Kellner, Ernahrung d. Landw. Nutztiere, p. 45. 
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3. The age of the animal has no influence, unless the animal is 
too young for the food given, or too old to masticate it properly 
on account of defective teeth. 

4. Animals resting or at moderate work have the same diges- 
tive power. Vigorous work appears to cause a slight decrease. 

5. Variations in light, temperature, and other external con- 
ditions, if great excitement is not caused thereby, have no effect. 


Composition of Feed—Different quantities of roughage fed 
alone are digested to the same extent. This is evident from the 
experiments of Henneberg and Stohmann with oxen, and E. 
Wolff with horses and sheep. 


Percentages digested by sheep! 
Daily ration Dry 
weight of roughage substance Nitrogen- Grud 
Protein Fat free ex- Pan 
tract 
CUSet ode icons Maeno S Mites 61 72 26 71 44 
TO sinvetesg alone) Coctarevavels Gk here sess 62 GIS aM 68 48 
Tears totoietelotinl state isfeltstelel tees inter che 62 74 32 71 47 


Different quantities of roughage and concentrates, mixed in 
the same proportions, appear to be digested slightly less with a 
heavy ration than with a moderate ration. 


The addition of fat and oil does not affect the digestibility of 
the other nutrients, provided not over I pound per 1,000 pounds 
live weight is fed.2 The oil must also be emulsified or finely 
divided, for liquid oil may occasion depression in digestibility, 
probably because it hinders the wetting of the food, and thereby 
the entrance of the digestive juices. 

According to many experiments, the addition of digestible 
carbohydrates or non-protein will cause a depression of digesti- 
bility if the proportion of protein to carbohydrates is thereby 
made too wide. ‘The following example is from Kuhn, in which 
starch was added to a ration of meadow hay fed to oxen. 


1 Landw. Versuchs-stat., 1878, p. 19. 
* Kellner, Landw. Versuchs-stat., 1900, p. 114 and I99. 
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Assuming the starch to be completely digested, the results are as 
follows :* 


PERCENTAGE DIGESTIBILITY. 


: Nit - 
cubliance | Protein | Fat | freeex | Gide 
Meadow hay, alone..-..--| 62.5 57-0 29.2 61.8 67.5 
Meadow hay with 1,662kg. 
Starcheemereitecieccrsceie 58.0 49.0 27.0 59.0 62.0 
Meadow hay with 2,866 kg. 
Stanchy - -(c% «:-f6. s'eje)s1+ se ele 56.0 41.0 27.0 56.0 61.0 


The depression in digestibility of protein may be in part due to 
increased excretion of metabolic products. As we have seen, 
2.5-3.1 grams of protein are excreted from every 100 grams of 
digested dry substance and the additional quantity of protein 
excreted corresponds very nearly to the increase which would be 
caused by the addition of starch. However, we do not yet know 
the cause of the decreased digestion. Other carbohydrates, as 
cane sugar, pectin, and purified cellulose, have the same effect as 
starch in decreasing digestibility. 


An increase of protein can partly or completely eliminate the 
depression caused by addition of carbohydrates. For example; 
Haubner found that the starch appeared in the excrement of 
sheep fed on potatoes, but when rape cake was added to the ra- 
tion, starch was no longer excreted. Many exact digestion ex- 
periments have proved that the addition of protein can increase 
the digestibility of a ration poor in protein. 

Non-albuminoid nitrogenous compounds, such as asparagin, 
exert a similar effect. For example, Weiske found a ration 
nearly free of nitrogen digested 86 per cent., with addition of 
asparagin or fibrin it was digested 92 per cent. Kellner observed 
a similar action when asparagin or ammonium acetate was used. 

Concentrated feeding-stuffs exert an influence on digestion 
according to their content of digestible protein or carbohydrates. 
Foods poor in protein, as beets and potatoes, exert a depressing 

1 Landw. Versuchs-stat., 1894, p. 470. 
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effect on digestibility, unless fed in connection with concentrates 
rich in protein. Concentrates of intermediate composition exert 
an appreciable effect upon digestion only when the ration con- 
tains more than eight parts non-protein to one part protein. In 
general, it may be stated, that the digestion of a food is most 
complete when, for seven to eight parts digestible nitrogen-free 
nutriment (including fat x 2.25), not less than one part digestible 
crude protein is present. With pigs, which have a high digestive 
power for carbohydrates, the ratio may be as wide as I: 12. 


Free acid, in moderate limits, has no influence upon diges- 
tibility. Experiments were made with sulphuric acid and lactic 
acid added to the ration of sheep and oxen, as much as 2.67 per 
cent. lactic acid being fed. Free acids are found in silage. 
Horses and young animals are often very sensitive to acid. The 
acid may injure the teeth. 


Carbonate of lime, even in high amounts, had no effect upon 
digestibility by sheep. Since the acid gastric juice could not 
have acted, being neutralized by the carbonate of lime, the work 
of digestion must have been performed by the alkaline pancreatic 
juice. 


Character of Feed.—Dry fodder has the same digestibility as 
green fodder, when there is no loss in drying, but usually fer- 
mentation takes place, or leaves, etc., are broken off, leaving 
material of less digestible character. Young plants are, in gen- 
eral, more digestible than older ones, and also have a higher pro- 
ductive -value. Corn, however, contains more digestible matter 
when fully ripe than if cut before the ears are grown. ‘This is 
due to the production of a large quantity of highly digestible 
grain. 


Stage of Growth.—The digestibility decreases with the stage of 
growth of the plant, more rapidly as the plant approaches 
maturity. An exception is Indian corn, which forms a large 
amount of easily digested grain as it approaches maturity. 

B. E. Wolff obtained the following results with clover cut at 
different stages of growth: 
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Digested 
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Nitrogen-free | nitrogen-free 

extract extract and 
fiber 

Green clover— 

Before DlOOtiticmici i) <c.« tens 3c lece ctelste's A Ox CUO ION 43-5 51.9 
Beginning TORMLOOTME ES cise a rr eieiap eter ienclevcre! a evere vc 41.7 45.9 
DETTE OLE arorete ate tale! ters: or cle velerave ap chevelicharete Gteners aie oS aie 47-9 47-5 
EGTIGOD 1D LOOM a ciels io ices at eceraleie custo iscets els Siwie a Sie a. 43.8 42.6 


Preparation of Food.—Cooking, steaming, roasting, etc., de- 
crease the digestibility of the protein of the food. Grinding is 
better for hard seeds, or for those which are so small as to be 
liable to escape mastication, such as flax, barley, sorghum, millet, 
etc. Horses and hogs masticate food less thoroughly than ru- 
minants, and hence derive more benefit from grinding. 

The following are some American experiments! relating to 


these conditions: 


COEFFICIENTS OF DIGESTIBILITY. 


Grade Nitrogen- 


" h 
Frotem fiber ircees 5, ae 
Cotton seed, raw (cow).--...-...-- 67.8 755 49.6 87.1 
Cotton seed, roasted (cow) .- - 46.9 65.9 51.4 Fiery 
Decrease due to roasting......... 20.9 9.6 — 1.8 5-4 
Oat fodder, early cut (sheep) .----- Feel 54.6 63.5 70.2 
Oat fodder, late cut (sheep)-------- 67.8 43.5 61.1 67.5 
Decrease due to late cutting...... 4.5 et! 2.4 os) 
Timothy, full bloom (sheep)....... 60.4 62.1 71.8 51.5 
Timothy, past bloom (sheep) -..... 44.5 51.7 61.0 34.6 
Decrease due to late cutting.....- 15.9 10.4 10.8 16.9 
Cornmeal: ( pig) = ee ets aces. | 86.1 29.4 94.2 Sie) 
Corn grain (pig) ----..sseeeeeeeeee 68.7 38.3 88.8 45.6 
Increase due to grinding........- 17.4 —8.9 5-4 36.1 


1 Bulletin No. 77, Office Exp. Sta. 


414 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


Coefficients of Digestibility—The following are coefficients of 
digestibility of a few feeding-stuffs.? 


COEFFICIENTS OF DIGESTIBILITY OF SOME FEEDING STUFES. 


J c Nitrogen- 
Protein | tract | “aber | fee €x 
Cotton-seed meal <1... 2 itemise 88.4 93.3 55-5 60.6 
Cotton-seed hulls........ sete ce eees 15.0 69.0 49.9 48.0 
Wiheatsbraivicrc cj cir aieiarecmeatel stat 77.8 68.0 26.6 69.4 
WiAeeais GikeriGaconad annduacncccscud 79.8 86.3 Sar 81.3 
Cornbread sees lls cleo ebettoretacte’s © 67.9 92.1 aa 94.6 
(QYoldou(colecing dannpoonccd seconds avooee 19.3 50.1 57-5 48.3 
ws) jordiloo ceo topo ooeno coo: Jo aDee 69.1 gI.1 — 92.3 
Rice polish <0 2-i2:5/< so\eieir1s seieins apails (6s).6) 90.0 — 92.0 
Alfalfa Hay. +000. = + sqncemiecms +20 Tene 40.5 46.4 68.4 
Bermuda hay..--.--.+--ss+es+eeeees 575 43.3 54.9 5125 
Corn shucks ...........-22--2+--:- 12.5 38.6 69.3 60.6 
Johnson grass hay. --------+-+++--+- 43-9 44.6 66.2 56.8 
Ruicelstra ws won cuncise aereaeiereiierenareleie laid 26.6 36.4 58.0 47.3 


Digestibility of Constituents of Nitrogen-Free Extract.*—Inves- 
tigations as to the digestibility of the constituents of nitrogen- 
free extract, show that the sugars and the true starch are prac- 
tically completely digested when the food is properly masticated. 
The pentosans are digested to about the same extent as the nitro- 
gen-free extract, while the remaining and unknown constituents 
of the nitrogen-free extract have a much lower digestibility.’ It 


COEFFICIENTS OF DIGESTION OF CRUDE FIBER AND OF CONSTITUENTS 
OF THE NITROGEN-FREE EXTRACT. 


Nitrogen-free extract 
Feed oe 

Sugar Starch | Pentosans| Residue 
EAT COM eterete crereinloletss ohare set — 86.2 97-4 — — 
Milo maize..-------+-+.---- — 100.0 99.6 _ — 
Cotton-seed meal and hulls} 54.6 95.0 25.0 86.5 65.2 
Timothy hay..-.--.-----.-- 52.3 100.0 — 58.0 50.0! 
Crabgrass hay-.-----.---- 67.3 100.0 — 61.0 a9" 


1 Bulletin 147, 166, 170, Texas Exp. Sta.; Bulletin 77, Office Exp. Sta. 
2 Headden, Bulletin 124, Colorado Station. 

’ Fraps, Bulletin 104, Texas Exp. Sta. 

* Starch included. 
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is possible that the fermentation and other changes which food 
undergoes within the animal, modify the crude fiber so that a 
portion of it becomes soluble in acids or alkali, and thus appears 
as a portion of the nitrogen-free extract. 

Digestibility of Ether Extract Constituents.— The ether extract 
of concentrates consists chiefly of fats and oils, but that of rough- 
ages contain on an average nearly 60 per cent. unsaponifiable mat- 
ter, chiefly wax alcohols, as previously pointed out. It has been 
long observed that the ether extracts of hays and fodders have 
a low digestibility. Indeed, in a number of experiments, more 
ether extract was found in the excrement than was present in 
the hay. This is due partly to the presence of metabolic products. 

A study of the digestibility of the constituents of the ether 
extract shows that while the unsaponifiable materials or wax al- 
cohols have a low coefficient of digestibility, the saponifiable mate- 
rial, containing the fatty acids and chlorophyll, have a much 
higher digestibility. ‘Thus the observed low digestibility of the 
ether extract of hays and fodders is due partly to the small con- 
tent of fats and oils and the high content of waxes and alcohols 
less easily digested. 


PERCENTAGE DIGESTIBILITY OF CONSTITUENTS OF ETHER ExTract.! 


Total Unsaponi-| Saponi- 

extract fiable fiable 
Paiba Aa aegtEiy ele V2 G\Piaiaie’ lectins ail fete asin Mines Se 4.9 aes 59.1 
TSH TG 7S oFOO GeGo Od no oG-3 Goo oden o¢ouoodE 46.9 31.2 69.0 
tiara e lov etietctreetsteeclisgarctal ye ssedenctel ete! tal cise. si e;s — = 8.6 
(Vor othiOkSbG0 pobo CDR OCOD ORC oe ci ee mace 38.6 28.0 S644 
Jolson! grass) Warys fe ell «1.» =!-tever< eects einia)a’=\ ole o1~ Rey 47.0 60.1 
Pata LASS TAY orice ole emslstolavollniehele seh ster ate) <fs/e\a!=) = = ¥s 45.0 32.8 77.4 
IMGUNIEE so0gn00 sobostbdoguosetn ao aeeo eoBeIOgE 56.4 15.9 81.4 


Composition and Heat Value of Digested Nutrients.—We may 
determine the composition of digested crude fiber by the follow- 
ing method: ‘The crude fiber fed in the feed and the crude fiber 
excreted in the digestion experiment are subjected to analysis. 
The quantity of carbon, hydrogen, and oxygen fed in the crude 
fiber and the quantity excreted, is calculated from the known 

1 Fraps and Rather, Bulletin 150, Texas Station. 
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amounts of crude fiber fed and excreted. The quantity of crude 
fiber digested, and the quantity of carbon, hydrogen, and oxygen 
digested, are calculated from the data. From these figures we 
can calculate the composition of the digested crude fiber. 

The crude fiber and the nitrogen-free extract in the excrement 
contain more carbon and hydrogen than that digested, and have 
a higher heat value. Digested crude fiber and digested nitrogen- 
free extract have been found to have the composition and heat 
value of a carbohydrate. For this reason, the digested crude 
fiber and nitrogen-free extract are often referred to as carbo- 
hydrates. ‘The lignin is not digested. 

The composition of digested ether extract, protein, etc., can 
be determined in the same way. ‘The heat value of the digested 
nutrients is estimated by a procedure somewhat similar. 

Ether extract of hays, grasses, and other coarse feeding-stuffs 
contain waxes, etc., as we have seen, which are not digested so 
well as fats. ‘They accumulate in the excrement and change its 
composition. ‘Ihe composition and heat value of the digested 
ether extract is about the same as pure fat, while the ether ex- 
tract in the excrement has a much higher heat value. 

Proteids have a heat value of 5,479 to 5,990 calories per gram. 
The digested proteids have practically the same value. The 
average is 5,711 calories. 


HEAT VALUE OF CONSTITUENTS OF MEADOW HAvy. 


Crude Nitrogen Ether 


fiber ieee extract 
Heat value of 1 gram i feiete IE ROTO, cineare 4,426 4,584 9,194 
in excrement .....-.... 4,782 5,265 9,821 


digested...-.---- BoCGe 4,220 4,232 8,322 


CHAPTER XX. 


UTILIZATION OF FOOD. 


Food is used by animals to maintain the body activities and 
restore waste of material. It is also used for the production of 
new material in growth and fattening, for milk production, and 
for energy to produce work. Whenever energy or heat are to be 
generated, oxygen unites with the substances, forming carbon 
dioxide and water from fats, organic acids, sugars, etc., and 
carbon dioxide, water, and urea or other nitrogenous waste prod- 
ucts, from proteids. The carbon dioxide is eliminated by the 
lungs, and the nitrogenous waste passes off in the urine. The 
oxidation does not take place at one time, but a number of inter- 
mediate products are formed. 

The following is the average composition of ten kinds of 
animals, according to analyses made by Lawes and Gilbert, at 
Rothamsted : 


Percent: 
EROLCIU MT ENT RETIN ee Giana cla ces canted) Glas spect chen 13.5 
Thales Ga ee hoe ee ie ee eee rere 28.2 
NAVEUEEIE 5 "5\6) Sica coed -n o0 Gtk iS anc a RSI oe he ae 49.0 
INCU oF 592% SES oe CEO Ne ON BUS EP eRe iD 
Contents' on stomach) and intestines.......:.........::- 6.1 
TET bh woke” Re NCE oh NR ee 100.0 


The ash consists of approximately 86 per cent. calcium phos- 
phate, and 12 per cent. calcium carbonate, with small quantities 
of fluorides, chlorides, iron, potash, and magnesia. These ma- 
terials must all be supplied by the food. 

Different nutrients of food have different values for the pur- 
poses above stated. The first bodily activity with respect to food 
is its mastication and digestion. ‘This consumes food material, 
which although derived from food previously eaten must be re- 
placed by the food being eaten. Different kinds of food require 
different amounts of energy in mastication and digestion.? 

The food material remaining after deducting the losses due to 
mastication, digestion, and undigested residues, may be used for 

1 Hagemann, Exp. Sta. Record Io, p. 906. 
27 
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the purposes of the body. The necessary vital functions must 
first be subserved, such as the body heat, beating of the heart, 
movements of the lungs, ete., and all other functions necessary 
for the maintenance of the life of the animal. 

Any food values remaining after maintaining the animal, may 
be used for productive purposes, such as work, building of fat or 
flesh, production of milk, etc. 

The utilization of the various foods and nutrients by the body 
is studied by means of exact experiments on animals. The ex- 
periment must, of course, be adapted to the end in view. A 
study of the income and outgo of nitrogen is called the nitrogen 
balance. A loss of nitrogen means a loss of flesh; a gain of 
nitrogen, a gain of flesh. The income and outgo of carbon, taken 
in connection with the nitrogen balance, gives the loss or gain of 
fat. This is called the carbon balance. The determination of the 
income and outgo of energy is called the energy balance. 

The Nitrogen Balance.—In order to determine the exact amount 
of nitrogen the animal is gaining or losing, we proceed as in a 
digestion experiment, but collect and analyze the urine in addition 
to the solid excrement. 

The total quantity of nitrogen in the food fed is the income of 
nitrogen. The nitrogen in the solid excrement is undigested 
material; that in the urine, is the digested nitrogen which has 
undergone complete metabolism in the body. The nitrogen in 
the perspiration is so small that it is usually not considered. 

Income in food less outgo in solid and liquid excrement is the 
loss or gain of nitrogen. If income is greater than the outgo 
there is a gain; if less, a loss of nitrogen. Since over 90 per 
cent. of the nitrogen in the animal body is in the form of flesh, a 
loss or gain of nitrogen represents a loss or gain of flesh. 

Water and fat-free flesh has been found to contain, on an 
average, 16.07 per cent. of nitrogen and 52.54 per cent. of carbon. 
That is, I gram of nitrogen is contained in 6 grams of dry flesh, 
which also contains 3.15 grams carbon. Flesh contains on an 
average 77 per cent. water. Hence a gain of I gram of nitrogen 
means a gain of 3.17 grams of carbon in dry flesh, and a gain of 
26 grams of moist flesh or muscular tissue. 
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The Carbon Balance.—Carbon enters the animal in food and 
water, and leaves it in urine, solid excrement, perspiration, and 
as the gases, carbon dioxide and marsh gas. ‘The marsh gas 
and part of the carbon dioxide comes from the fermentation in 
the intestines, but most of the carbon dioxide comes from oxi- 
dation of carbonaceous bodies in the animal. For example, the 
air inhaled and expired by a horse was found to have approxi- 
mately the following percentage composition: 


Inhaled Exhaled 


Reg Reta arate mie ieee eles tana nicnve's sip cletsie nites c.4 6s 0% 0.6 20.96 16.00 


The following table gives an example of the determination of 
the carbon and the nitrogen balance: 


CARBON AND NITROGEN BALANCE.! 


Nitrogen Carbon 
grams grams 

Income per day: 
4.36 kg. meadow WEY. GOGHC HD DOOCICOOC-CODOIKO OR OOtaE | 69.96 2,000.8 
PepeME CP GLICU ESE LESIUAMEs oacligccisrwh oe docs else ce. | 50.95 1,572.0 
eee RPO NNN a folc efeeraheietsiavelelates\aici-'= tea van) <> 2'<.< 27.50 408.8 
Bae Ome LC TRIE satel sees ales < eieta s)4)6 Su aiele S02 ee 37.05 138.4 
3.42 kg. AT His eetctaloks cle retciein te Invented ania csinecnss 36 es aeles — 1,443.0 
36.09 kg. drinking ra enivaneteratoMareraia Re create tale tare cee elect 2.01 2.5 
MRO tAlMIICOMle cinitantateie cine tere eeeale kisicah. We cwies 187.47 5,505.5 

Outgo per day: 

BAe kor sOlideexCre mre nl tarallelsieiaei= elale! elele\o) si)2 ve ls lee 106.55 1,609.6 
Rese ae Le COMPA LEAT ET aiatae isin sci. owl! see's bee gare 73.69 170.9 
Expired (OhVes ole SOD NO, BORO OG SEO KOLO CIC een Raine — Syll2.5 
Total OQUEGO «ee eee we ease AN es Lol See 180.24 4,893.0 
Gain by body Sy ic! BCG CNCRCTEP CRORCIE ROTEL NCR RETA 723, 672.5 


The gain of 7.23 grams of nitrogen means a gain of 7.23 times 

6 equals 43.4 grams of dry flesh, containing 22.8 grams of carbon. 

This quantity of carbon, subtracted from 672.5 grams, leaves 

649.7 grams carbon, which is contained in 849.3 grams of fat, 
1 Kellner, Landw. Versuchs-stat., 1900, p. 4. 
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since beef fat contains 76.5 per cent. carbon. Hence this animal 
gained 43.4 grams of flesh and 849.3 grams of fat per day: 


Apparatus to Determine the Carbon Balance.—The respiration 
apparatus! consists essentially of an air-tight chamber to hold the 
animal, provided with a window and door and suitable openings 
for the introduction of food and water. A current of air is 
sucked through the apparatus by a ventilating fan connected with 
a gas meter for measuring the volume of the air drawn through. 
A portion of the air entering the chamber is sucked out by a 
mercury pump and measured by a small gas meter. It then 
passes through a series of tubes containing sulphuric acid, to ab- 
sorb water, and soda lime to absorb the carbon dioxide, after 
which is another tube of acid to absorb the water given off by 
the soda lime. The increase in weight gives the amount of car- 
bon dioxide in the air subjected to analysis, and the total quan- 
tity contained in the known quantity of air which passes through 
the respiration chamber can be easily calculated. Another meas- 
ured portion of the air passes through a tube containing copper 
oxide, heated red hot by means of a combustion furnace, and 
then through a second series of barium hydroxide tubes. The 
marsh gas or other organic carbon compounds are oxidized in the 
tube to carbon dioxide, which is absorbed by the soda lime as. 
before. We thus know the total quantity of carbon as carbon 
dioxide and as organic carbon, which goes into the respiration 
chamber with the air taken in. 

Measured portions of the air which goes out of the chamber 
are withdrawn, and passed through an apparatus exactly similar 
to that described above. The exact quantity of carbon in carbon 
dioxide and in organic forms given off by the animal, is the 
difference between that in the air which leaves and that which 
enters the respiration chamber. 

Energy Balance.—The energy balance may be determined in 
two ways: 

First, the energy in the food fed, and in the solid and the liquid 
excrement may be determined by direct measurements, and that 


' Exp. Station Record 10, p. 813. * 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 421 


lost as marsh gas calculated. The heat value of the fat or flesh 
gained or lost may be calculated from the loss or gain of fat and 
flesh found by the nitrogen and the carbon balance. From these 
figures we estimate indirectly the energy used by the animal body. 

Second, the determination of energy in the food and in solid, 
liquid, and gaseous excrements is made as stated above, but the 
energy given off by the animal is measured directly. This form 
of experiment requires the use of a respiration calorimeter... The 
results of the two methods should, of course, agree, but the sec- 
ond method is adapted to studying problems which cannot be 
solved by the first. For example, the energy given off during the 
time digestion is going on may be compared with that given off 
when no digestion is going on. In experiments with human be- 
ings, the extra energy given off during reading, work, etc., may 
be determined.” 


Fig. 86.—Model of respiration calorimeter at the Pennsylvania 
Station. U. S. D. A. 


Respiration Calorimeter.—A respiration calorimeter consists of 
a respiration chamber arranged so that the heat given off by the 


1 Armsby, Bulletin 104, Pennsylvania Station. Exp. Sta. Record 15 


p. 1033. 
? For description of human calorimeter see Bulletin 63, Off. Exp. Station 
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animal can be measured. The chamber is insulated so that as 
little heat as possible may be lost or gained by it. The incoming 
air is cooled to a uniform temperature, and the outgoing air is 
cooled to the same extent. The heat given off by the animal is 
taken up by water circulating through tubes inside the chamber. 
The temperature of the water is taken before it enters the cham- 
ber, and when it leaves. The volume of water and the difference 
in temperature of the incoming and outgoing water being known, 
the heat eliminated is easily calculated to calories. Allowance 
is also made for the heat changes involved in the condensation 
of water on the sides of the chamber, and for evaporation during 
the experiment. 

A respiration calorimeter is a complicated and expensive ap- 
paratus, but it secures information regarding the use of nutrients 
and the nutrition of the animal which is of the highest value, and 
which can be secured in no other way. 


Disposition of Food Materials—The carbon which enters an 
animal in food, is disposed of as follows: 

(1) A portion appears as undigested material in the solid excre- 
ment. 

(2) A portion escapes as marsh gas and carbon dioxide, pro- 
duced by fermentation. 

(3) A portion is eliminated as partly oxidized compounds in 
the urine. 

(4) A portion is eliminated as carbon dioxide in the gases ex- 
pired from the lungs, being fully oxidized in the body. 

(5) A portion is used in the production of hair, flesh, fat, 
milk, etc. 


The nitrogen appears as follows: 

(1) In the undigested residues. 

(2) In the urine. 

(3) In perspiration (very small quantity). 

(4) Used in the production of hair, flesh, milk, etc. 
The energy is used as follows: 

(1) A part appears in the undigested solid excrement. 
(2) A part is used in fermentation and escapes as heat. 
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(3) A part is lost in incompletely oxidized organic matter in 
the urine. 

(4) A part escapes in marsh gas produced by fermentation in 
the intestines. 

(5) A portion is used to masticate and digest the food, and is 
eliminated as heat. 
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Fig. 87.—Curve showing heat production of steers in respiration calorimeter 
the arrows being pointed up if the animal is standing. 
Pennsylvania Station. 

(6) A portion used for bodily activities, such as beating of 
the heart, breathing, movements, warming the body, etc., and 
is eliminated as heat. 

(7) Any portion remaining after the above requirements are 
satisfied, may be used for external work, stored up in fat or 
flesh, or used in the production of milk, etc. 

Production of Marsh Gas.—The effect of different nutrients or 
foods upon the production of marsh gas has been studied by the 
following method. First the quantity of marsh gas evolved with 
a given ration is exactly determined in the respiration chamber. 
Then the marsh gas evolved with the same ration plus fat, pro- 
tein, starch, crude fiber, or any other nutrient or feed, is deter- 
mined. ‘The increase or decrease in the quantity of marsh gas 
evolved, shows the effect of the addition. 

In this way it was found that fat and proteids do not affect 
the quantity of marsh gas. The methane appears to come en- 
tirely from the constituents of the nitrogen-free extract and 
crude fiber. The ratio of protein to non-protein, and other 
factors, also appears to affect its production. All additions which 
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decrease the digestibility of the nitrogen-free extract decrease 
the production of methane, but in greater proportion; and addi- 
tions which increase the digestibility of the nitrogen-free extract 
increase the production of methane. The various factors which 
affect the production of methane require further study. 

A considerable portion of the value of the digested nitrogen- 
free extract and crude fiber is lost as marsh gas, as is seen from 
the following table: 


Nitroges sees 

2 See Crude fiber extract an 
Sugar Starch (paper pulp) (average erat 

experiments) 
Grams methane for 100 
grams digested...... 2.84 Bal 4.46 4.29 

Heat value of methane. 37.9 cal. 42.3 cal. 58.6 cal. 57. 2\cale 

Heat value of substance] 395.5 cal. 418.3 cal. 418.5 cal. 418.4 cal. 

Percentage loss..-...-- 9.6 Io. 14.0 1307 


A considerable percentage of the material which does not 
appear in the solid excrement during a digestion experiment is 
not really digested, 7. e., converted into soluble products and 
absorbed by the body, but is fermented and a portion of its value 
is lost as marsh gas. 

Organic Matter of the Urine.—The digested nitrogenous bodies 
which have been oxidized by the animal body are excreted in the 
urine, in the form of urea CO(NH,)., uric acid C,B{ Ngo. 
creatin C,H,N,O,, or hippuric acid, C,H,CO.NHCH,COOH, 
and possibly other compounds. All these substances are incom- 
pletely oxidized, and represent a loss of energy from the food. 
Non-nitrogenous organic substances are also present in the urine. 

For example, the following is an analysis of the urine of a 
sheep: 


NAENES lies ee Reais ota ean CRMC PE NR EhG Scot oR erRR Er IeS «ic 86.48 
LG) Cerra hry clk Ame eR RT RO ER Stn eeu mache RS Nae 2.21 
FRIpPUnLe AGG Sosy: Be siers keke eee ne mente te ats we of ire a 3.22 
Amimoniagel.. Sac colo cates ae oe Senos eee eee 0.02 
Carbonte acid ?:..% Gad vilc 2. Mees oe ile ne 0.42 
@Othegiorganicrsubstances, -smewetessee eee ee eee 2.07 
USI is gw 2 EY, hae Ati A aes ?, Ce, Cee 5.56 
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The effect of various substances upon the urine may be studied 
by determining the amount and composition of the urine with a 
given ration, adding the substance to be studied to the ration, and 
determining the change in the urine caused by the addition. This 
effect is usually expressed in terms of energy (calories). Kell- 
ner,’ assuming that only the proteids fed affected the loss of 
energy in the urine, obtained the following results with certain 
concentrates : 


Average energy in I gram digested proteids, calories... 5.71 
Average loss of energy in urine from I gram, calories.. 1.29 
Average percentage loss of energy in urine............ 22.6 
Maximum percentage loss (with linseed meal)........ 26.6 
Minimum percentage loss (with gluten meal).......... 18.9 


The assumption of Kellner, however, is not correct, since the 
other constituents of the food have some effect upon the loss of 
energy in the urine. Only traces of sugar or pentosans are found 
in normal urine, but an addition of roughage to a ration increases 
the loss of energy in the urine to a considerably greater extent 
than the addition of an equal quantity of protein in the con- 
centrated feeding-stuffs mentioned above. Sometimes the in- 
creased loss is greater than the quantity of energy in the proteids 
fed in the roughage. Non-nitrogenous substances, therefore, 
suffer a loss of energy in the urine, but at present little is known 
as to the nature of this loss and what factors modify it. 


Metabolizable Energy.—A portion of the energy in the food fed 
to the animal remains in the undigested matter of the solid excre- 
ment, a portion appears in the urine, and a portion is lost in the 
form of marsh gas. None of the energy so lost is of any value 
to the animal, and may be termed unavailable energy. The meta- 
bolizable energy is the total energy in the nutrients less the losses 
in the solid, liquid, and gaseous excrements. Methods for cal- 
~culating the metabolizable energy are given by Armsby and 


1 Die Ernahrung d. Landw. Niitzture, p. 83. 
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Fries.!. A portion of their energy is expended in the processes of 
mastication, moving the food, preparation of digestive juices, 
digestion, and other operations necessary to bring the digested 
nutrients into the body, and convert them into forms suitable for 
its use. ‘The stimulus to metabolism caused by the consumption 
of the food also brings about a loss of energy. ‘This energy does 
not, of course, come from the food actually in process of diges- 
tion, but the digested food must replace the energy so used. ‘The 
energy used in digestion, etc., appears as heat, and may aid to 
keep the animal warm, but any excess over the amount so re- 
quired, serving no useful purpose, is evolved as heat. We will 
term the energy consumed in digestion of the food thermal 
energy. 

The energy remaining after the thermal energy has been sub- 
tracted from the metabolizable energy may be used for processes 
requisite to the life of the animal, such as to keep the animal 
warm, to furnish energy for beating of the heart, breathing, and 
necessary movements of the body. Any excess over that needed 
by the animal body may be used for productive purposes—for 
fat, flesh, milk, etc. We will term this portion of the energy of 
of the food its kinetic energy. 


Estimation of the Energy Expended in Digestion.—'I‘wo meth- 
ods may be used to estimate the energy expended in digestion of 
food. ‘The first method can be applied only to animals, such as 
the dog, having small digestive organs, which can be completely 
emptied by starving for a few days. ‘The heat evolved from a 
starving dog at a temperature of 33° is measured by placing the 
animal in a calorimeter. Sufficient food is then given to supply 
an amount of available energy equal to that lost daily while starv- 
ing, and the heat liberated is again measured. Any increase 
in the amount of heat evolved is due to processes essential to the 
digestion of the food, since at 33° no heat is required to maintain 
the body temperature of the animal. The heat evolved during 
starvation being put at 100, the heat evolved during the same 
length of time when food containing an equal amount of available 


1 Jour. Agr. Research, 3, (1914) 450. 
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energy (100) was fed was found by experiments of Rubner’* to 
be as follows: 


Heat evolved 
in starvation 100 


Heat when 100 calories flesh was fed.................. 130.9 
Meatoawhenstooucalortesstat was fede csn.c.05,..-. sue 112.7 
Heat when 100 calories gluten was fed................ 128.0 
Heat when Io00 calories cane sugar was fed........... 105.8 


That is to say, the consumption of the food caused an in- 
creased production of heat, which was probably due to digestion 
of the food. Since 100 calories of available energy was fed, the 
increased quantity of heat evolved represents heat evolved by the 
digestion; that is, the percentage of thermal energy contained in 
the available energy. This ranged from 5.8 per cent. with the 
sugar to 30.9 per cent. with the flesh. 

The second method is applicable to herbivorous animals, but 
gives only indications. The animal is fed on a ration, and the 
heat evolved from the body is measured. The feed to be 
studied is added to the ration and the heat is again determined. 
The increase in heat is due to the digestion of the added feed. 


The following figures of Armsby? afford an illustration: 


Heat in Heat produced 
feed digested | by animals 


NRO e ee oe eae are lo tinia arene Rae ee eee aiebeiew es Sete. 6,618 9,067 
IEeSereral IUU od pong ooo acoD tah Ooo ieor One omenae 9,482 10,206 
-+-2,864 +1,139 


An increase of 2,264 calories in the digested food caused an 
increase of 1,139 calories in the heat given off by the animal. 
That is, about 34 per cent. of the energy of the food was con- 
sumed in digestive processes. 


The Productive Value of a Nutrient.—As we have previously 
stated, the quantity of a ration in excess of the maintenance re- 
quirements of an animal, may be used for productive purposes. 


1 Quoted by Kellner, Die Ernahrung d. Nutziere, p. 105. 
* Proc. Soc. Prom. Agr. Sci., 1902, p. I00. 
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If the animal is a fattening animal, this excess may be used for 
putting on fat. 


Kellnert has estimated the fat produced by various nutrients 
and feeds by the following method. With the aid of the respira- 
tion apparatus, he determined the income of carbon and nitrogen 
in the food fed and in the water, and the outgo in the urine, the 
solid and the gaseous excrements, and so ascertained the quantity 
of the fat and flesh produced by a basal ration (Period 1). This 
ration was sufficient to maintain the animal and produce a little 
fat. In Period II, the nutrient or food to be tested, was added 
to this basal ration and the amount of flesh and fat produced was 
again determined. ‘The small quantity of flesh gained or lost 
was in each case calculated to the quantity of fat which would 
contain an equal amount of energy. The amount of fat gained 
in Period II less the amount of fat gained in Period I, gives the 
gain of fat due to the additional food or nutrient fed. The 
quantity of fat produced by 100 grams of the food or nutrient 
digested was then calculated from this data. The quantity of 
fat produced should be in proportion to the kinetic energy of the 
feed. 


Experiments were first made with pure nutrients, with the 
following results: 


Fat produced by 
100 grams digested 


Cocoaniitiledh we lick, (yu ld Ue hee i ee ames Dek omen 50.8 
Ether extract,-of ‘coarse. feeding stuliss3.. 5.2406. ice 47.4 
Kthervextract «Gf 2rassesy Je hie aces ae We chal 2 Co aa 52.6 
SEACH atentte She cea cia ie Satie al ote oe eats brciandie a eae nee 24.8 
Gamned Bile ie 8 i aie cis canter eae a aie epee Sheree A Bear 18.8 
Tae AGE ie te be ero pe Ree eR fe SS ot onthe oe eae 0.0 
Crudemiber ((paperap ul py) eyseece etre ek ona 25.3 
Proteids(albutmen) 4 A. or ceca eee sede aden ceo co oer 24.8 
IPETtOSaNISl =: eae tot ake ayes xe cme eee eee ee te tors not determined 


Productive Value of Feeds——The substances thus mentioned 
represent the various groups of constituents of a feeding- 


1 Landw. Versuchs-stat., 1900, p. 450. See also Armsby, Bulletin 71, 
Pennsylvania Station. 
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stuff.t Kellner determined the composition and digestibility of 
a number of feeding-stuffs, and calculated the quantity of fat 
which each could produce, based upon the values given in the 
preceding table for the digestible nutrients. The following is an 
example of the method of calculation used: 


COTTON-SEED MEAL. 


Fat pro- 
Digested | duced by | Total fat 

I gram 
grams grams 
Protein in Ioo QIAMS «+--+ - ee ee ee ee eee ee eee 39.6 0.235 9.30 
ati 10) TOO PTAtiS A \s2 1 6 so ls oa eieip posi yee 13.0 0.598 Ferd 
Carbohydrates (including crude fiber). Sa 12.1 0.248 3.00 
Calculated total for loo grams ......-.-- — — = 20.07 
Found by experiment .......-. .----- = ae 19.62 


Thus 100 grams of cotton-seed meal should produce 20.07 
grams fat under the conditions given. We will term this the 
productive value. 


If the value of a feeding-stuff for producing fat is in propor- 
tion to the quantity of digested nutrients present, 7. e., if the 
digested nitrogen-free extract, etc., of one feed has the same 
value as that of any other (as has heretofore been assumed), then 
the above method of calculation should be correct. 


The results of a number of experiments and calculations of 
Kellner are given in table on following page :* 


The calculated quantity of fat is, in many cases, much greater 
than that actually found by experiment. ‘That is to say, the pro- 
ductive value of different kinds of feeds is not necessarily in pro- 
portion to their content of digestible nutrients. 


1 See also Hagemann, Exp. Sta., Record Io, p. 907. 
2 After Kellner, Die Ernahrung d. Landw Nutztiere, p. 163. 
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FAT PRODUCED BY I00 GRAMS OF THE FEEDS NAMED. 


Calculated Found by 


from digested eee 


experiment | of calculated 


nutrients 
Peatrwtitneadil: stem ecceie eh na tercnerenai reteyers 18.9 18.9 I0o 
Palm nut meal ..---++---++ serene ee 17.9 18.3 102 
Linseed cake meal.-..---------+++- 19.7 19.2 98 
RICE Weal sere ete oh octets reps Coraeroneterel overs wie 16.8 18.3 Ios 
Rye batter: Mom ate do ipa ous Soabdotc 18.1 16.9 93 
eeBhalbanleallidaan oan scone as ononsoO cout 70S 16.3 94 
Rye bran-..- ss se cece cece cece ee eee 15.8 12.5 79 
WiAeialoyd volo wamann ooocus odor rele 15.4 11.9 ofa] 
Brewers grain (dry) .------++--++- 15.4 13.0 84 
JEU eI HAOoA Wee dodpescls bone aseaE 18.5 18.1 98 
Sugar beets .....-.-.e2 eee. coe noes 15.0 13.1 87 
Beet residue (wet)-.--.-------.---- 18.1 17.4 94 
Beet residue (dried) --.-.-..-...--. 18.1 14.2 78 
Wheat straw, I ---- +--+ ee ee cree eee 10.4 rye 20 
Wheat straw, II-.----------.------ 8.4 2.4 29 
OFNe OA yO obo oOo BOOS Cori chim eto 10.9 6.6 59 
Barley straw ------ es-eee sees ceeee, sO OS¢/ 7.8 64 
Meadow hay, L.-.-.+--..-+++ee-ee- 12.9 8.1 54 
Meadow hay, ID... 10 60.02% sven. ee 15.6 10.9 55 
Clover hay... . 2. n eats civne wesc 12.4 8.5 63 
GrasS hay .-.-- ees eee cone ce ee cece ee 8.5 64 


Relation to Character of Feed—vThe production of fat from 
the oil meals, potatoes, and rice meal was equal to that calculated. 
With rye meal and bean meal it was about 94 per cent. The 
beans and dried beet residues were deficient to the extent of 21 
to 23 per cent. The values of none of the concentrated feed-stuffs 
feli below 77 per cent. of the calculated. 

The fat production found to take place with the hays and 
straws was 20 to 64 per cent. of the calculated quantity. The de- 
ficiency was found to be related to the total quantity of crude 
fiber in the feed. For example, 100 grams of wheat straw No. I 
produced 8.3 grams less of fat than the calculated quantity, and 
contained 46.6 grams of crude fiber; that is, there was a deficit of 
0.18 gram of fat for each gram of crude fiber present. For 
eight straws and hays, the maximum deficiency of fat per I 
gram of crude fiber present was 0.18 gram, the minimum being 
0.11, and the average 0.14 gram. 

This deficiency is in part due to the work of chewing the feed. 
A number of experiments were repeated after grinding the feed, 
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with the result that the average deficit was found to be only 0.073 
gram of fat per 1 gram of crude fiber fed. The deficiency was 
no doubt due in part to the character of the nitrogen-free extract 
of hays and straws, which, as is well known, is not composed of 
sugars and starch, but largely of substances hard to dissolve and 
in part of unknown nature. They are not the same as the starch 
used by Kellner to represent the pure nutrient. 


Calculating Productive Value—Knowing the composition and 
coefficient of digestibility, the productive value in terms of fat 
of a given feeding-stuff may be calculated so as to be in accord 
with the experimental work cited. The results are expressed in 
pounds fat which may be produced by 100 pounds of feed. 


Concentrated Feeding-Stuffs—Multiply digestible proteids in 
100 pounds fed by 0.235. Multiply digestible fat by 0.598. 
Multiply digestible nitrogen-free extract and crude fiber, taken 
together, by 0.25. Add the products, and multiply by the per- 
centage of fat produced by the feeding-stuff in question as per 
preceding table. If the feeding-stuff is not named in the table, it 
will be necessary to use the factor for the feed most closely 
resembling it. The result is approximately the productive 
value in terms of fat. Chaff, rice hulls, and other by-products 
high in crude fiber are not considered as being concentrated feed- 
ing-stuffs. 


Roughage.—Proceed as directed above, using the factor 0.526 
for digestible ether extract in grasses, and 0.474 for all other 
roughages, and sum up the fat values of the nutrients. Then, if 
the roughage is not ground, multiply the total quantity of 
crude fiber present in 100 pounds by 0.14 and subtract this 
quantity from the sum. If the roughage is ground, multiply the 
crude fiber by 0.07 and proceed as before. With green feeds 
containing 8 per cent. or less crude fiber, deduct 0.088 gram fat 
for each gram crude fiber, with these containing 8 to Io per cent., 
deduct 0.098; with those containing Io to 12 per cent., deduct 
0.108; with those containing 12 to 14 per cent., deduct 0.12; 14 to 
16 per cent., deduct 0.135; over 16 per cent., deduct 0.14. 
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The following is an example of the method of calculating the 
f t value of a roughage: 


JOHNSON GRASS HAY I00 POUNDS. 


Digestible protein................ Bega sO, 235 == Ong 
Digestible fat...-...-...-....+..- 0.7°X 0.474 = 0133 
Digestible crude fiber ....-.....-- 22.6 
Digestible nitrogen-free extract .-- 28.1 
50.7 X 0.25 
= 1242 
EDOtallotentpakel sexe bl saves saad ats F 13.53 
Total crude fiber.---.-..... 35:00 lA ae bage 
Productive value ........... 8.21 pounds fat 


This means that 100 pounds of the Johnson grass hay added to 
a ration already sufficient to maintain the animal, should produce 
8.21 pounds fat. The fat value is the productive value for 
fattening, when the feed is used for fat and for no other pur- 
pose. 

Kellner expresses the productive value of feeds and rations in 
terms of starch; that is, the quantity of starch which is capable 
of producing the same quantity of fat as 100 pounds of the feed 
is capable of producing. Armsby expresses the productive value 
in terms of heat units (therms). ‘There are two objections to 
this manner of statement. ‘The first is, that the heat units are 
used for the total heat value of the feed, for the available heat 
value, and for the productive value, introducing some confusion 
in distinguishing between them. ‘The second objection is, that the 
energy equivalent to the quantity of fat produced is not the pro- 
ductive energy of the feed, since no doubt some of the energy 
must be consumed in the process of transforming the nutrients 
into fat. ‘The productive energy may be proportional to the fat 
produced, but is not identical with it. 

We therefore prefer to express the productive value of feeds 
in terms of the actual experimental basis, namely, of the fat 
which they were found to produce. One therm per 100 pounds 
equals 0.231 pound fat; 1 pound fat equals 4.32 therms. 

The productive value of a feed may be defined as the quantity 

! Farmers Bulletin No. 346. 
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of fat which the feed will produce, when it is fed in addition to a 
ration already sufficient to supply the needs of the animal for 
maintenance. 


Production Coefficient—The production coefficient’ of a feed 
may be defined as the factor which multiplied by the percentage of 
the nutrient, gives the productive value of that nutrient in terms 
of fat. In order to ascertain the productive value of a feeding 
stuff, it is then merely necessary to multiply the percentage of 
each nutrient by the corresponding production coefficient and to 
add up the total. If the crude fiber has a negative value, it must 
of course be subtracted. 


For example, alfalfa hay: 


Si tae Production 
Nutrient Per cent. | .oefficient | Product 
SPOUT Ue etree dase ees’ oka vac oasis lero e Gheiene eiteie, wiendle = walla vere 14.0 By 2.48 
MUTE Te aC Later e auc seeded ie aleteosbucliellevc|eie scene see 2.0 202 0.40 
Nitrogen-free extract ...----....---.-+.-2---- 30.0 S7/2) 5.92 
MINER LAT Lubtchees aeveMer Nccatciomekereloie tales bic do va) ete res cise 8.80 
(CHANGE OSs? Gedodand Uooaousue Co ge no Od Doe UGE 30.0 —.025 — 75 
Productive value of 100 pounds in terms of fat 8.05 


The production coefficient is obtained by combining the calcula- 
tions given in the preceding section. Its use greatly simplifies the 
method of calculating the productive value of a feed. The 
coefficient of digestibility of protein, and the productive coeffh- 
cients, are the factors now to be used in calculating the feeding 
value of a feed. 


Any influences which affect the coefficient of digestibility will 
also affect the production coefficient. Some feeds may also be 
considered as mixtures of two or more feeds, having different 
production coefficients. In such cases, the production coefficient 
will vary with some characteristic ingredient, such as crude fiber. 
This is shown in the table below, which contains some production 
coefficients. 


1 Fraps, Texas Station Bulletin 185. 
28 
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PRODUCTION COEFFICIENT. 


i t Guide Nitrogen- 
’ aoe auc fiber ote 
IA fal fatarieaill are treweteteeeon-ferehenare ciese ome 177 .202 .O45 .172 
Alfalfa hay-. .....+- Grane ayers ve ciara : 202 —.035 a bg fs 
Cori meal soit) ctercte erste pate e wicielarate F 538 fe) .230 
Corn Silagerre hes epee aie oe ae : 365 .093 7a 
Cotton-seed meal 9% fiber 565 —.027 .178 
Cotton-seed meal 11% fiber 563 —.021 175 
Cotton-seed meal 13% fiber .560 —.015 2172 
Cotton-seed hulls-.\............. .: : 3327 -053 .119 
Crimson clover hay---............- : e2or —.028 E55 
Kafir chops --... AOR ooo Beane ad or. : .282 re) M72 
Qatsc: isc ien iene ee ees este ake : .506 fe) .183 
OateStraye viene testes chee ie enero cle, crane 2 52387 —.OoI By 74 
Ritceuhtllls\iers weve actetastare erebore oreine eee F .318 —.07 .087 
Rice; brat 12 hil beterciei-(laeiaa cs + 538 .O16 .205 
Rice bran els ete ilaletsieleleie j -536 —.009 .184 
Red clover hay........-...-........ . -295 -007 .163 
Sino thy Atay, wie.us Sie cteaie as eee p 263, —.OI§ 155 
Wheat bran - th eoaieiaite ele slate ratare hate .301 .028 .142 
Wilteat SHOLtst a aaciccterse here eee ee ; 514 .040 .220 


Significance of the Productive Value—\Ve have seen that a 
portion of the value of a food is lost in undigested material, a 
part as marsh gas, or oxidized in fermentation, a part in the in- 
completely oxidized material of the urine, and a portion is used 
for digestion and other processes fitting it for the use of animal. 
What remains of the food after these losses are deducted, may be 
used for maintenance, work, fat, flesh, milk, etc. It represents 
the net value of the food to the animal. It also corresponds to 
what we elsewhere termed the kinetic energy of the food. 

The productive value of a food is the best measure so far 
devised for the net value of a food. Rations have heretofore 
been calculated on the assumption that all digestible nutrients of 
the same group have the same value to the animal, regardless of 
the origin of the material. We now know, however, that the net 
value of a food may vary widely from its value based entirely on 
digestible nutrients, so that the value of a food for the purpose 
of producing energy is best measured by its productive value. 

It is quite possible that the kinetic energy of different feeds 
undergoes somewhat different losses when transformed into fat, 
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so that the quantity of fat produced may not be the most exact 
possible measure of the net values of feeds. The energy used 
in digestion and given off as heat may also prove useful under 
certain circumstances, such as with an animal on a maintenance 
ration in cold weather. 

While the fat values of feeding-stuffs probably represent their 
comparative values for fattening purposes, and perhaps for milk 
production, it does not follow that they represent exactly the 
values of the feeds for productive work and for maintenance of 
the animal. ‘The conversion of proteids, etc., into fat undoubtedly 
consumes energy, and a greater quantity of energy may be required 
to convert the proteids of one feeding-stuff into fat, than those of 
another ; whereas if the kinetic energy is used directly for work or 
maintenance, these proteids might be equal in value for these pur- 
poses. We have seen that a feeding-stuff possesses both kinetic 
and thermal energy, and that the thermal energy may be used to 
keep the animal warm. While the thermal energy fed to an 
animal on a heavy ration may be so excessive that differences in 
the thermal energy of feeds may have no significance, an animal 
on a small or maintenance ration, may be able to utilize the 
thermal energy. 

The use of the productive value of a feed is no doubt a decided 
advance in the science of animal nutrition, as it emphasizes the 
differences in the productive values of the digested nutrients of 
different classes of feeds. It is clear that the digested nitrogen- 
free extract, for example, of hays and fodders, does not have the 
same value to the animal as that of grains and other concentrates. 

The value of a feed for nutrition is thus indicated by: 

(1) Its content of digestible protein, or power to produce flesh. 

(2) Its productive value in terms of fat, or its power to pro- 
duce fat.. 

Utilization of Proteids—The amino acids produced by the 
hydrolysis of proteids in digestion are used partly for the produc- 
tion of body proteids, or secretions containing nitrogen, or other 
nitrogenous compounds. ‘To a considerable extent, however, 
they are deaminized, ammonia being split off, and the carbonac- 
eous residue used for energy or the production of fat. 
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Certain pure proteids! such as gliadin from wheat and hordein 
from barley, cannot promote growth, while zein, from corn, can- 
neither promote growth nor maintain body weight. On the 
other hand, active growth takes place with casein (from milk), 
ovalbumin, lactalbumin, edestin (from hemp-seed), glutenin from 
wheat and glycinin. Zein does not yield the animo acids, lysin, 
glycocoll, or tryptophane, and when tryptophane is fed along with 
it, it will maintain weight but will not promote growth. Gliadin 
does not yield lysin, and additions of lysin to the gliadin renders 
it capable of promoting growth. The experiments were made on 
rats. Some substance in butter fat also seems essential to the 
growth of rats. 

These investigations make it appear possible that some single 
feeds may not furnish the animo acids necessary to the growth 
of young animals. On the other hand, a mixed diet would prob- 
ably furnish the necessary animo acids, and even in single feeds, 
the proteids are not alone but are usually accompanied by others 
containing the necessary animo acids, though possibly not in 
sufficient quantity. Further investigation is necessary to clear 
up the bearing of the work on animal feeding. 

Mineral Materials—Animals require inorganic as well as 
organic materials.2, The term “inorganic” is not strictly accurate 
when used in connection with phosphates, as the phosphorus is 
partly in organic combination. However, any addition of phos- 
phates to the ration is made as inorganic substances. Ash is left 
by all organs of the body when burned, and mineral matter ap- 
pears essential to their proper growth and development. Mineral 
substances are required in processes of digestion and metabolism. 
Animals fed on food from which the ash has been extracted be- 
come irritable, nervous, show weakness of the extremities, and 
die sooner than if not fed at all. 

The most important inorganic substances are salt, phosphoric 
acid, and lime. Salt is found in the digestive juices. In moderate 
amounts, it appears to favor the retention of proteids by the 
body. Cattle of average weight should receive 20 to 25 grams; 


1 Osborne and Mendel, Carnegie Institution Publication 156 (1911). 
2 See Ohio Bulletin No. 207. 
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Fig. 88.—(A) Maud in her normal condition (B) and after nine months 
without salt. Wisconsin Station. 
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sheep and pigs, 4 to 8 grams; and horses, 15 to 25 grams per day. 
With heavy rations of difficulty digestible foods, cattle may re- 
ceive as much as 80 grams; sheep, 12 grams; and pigs, 15 grams 
per day. An excess of salt increases the consumption of water, 
and is undesirable. It is best to mix the salt with the food. 


Fig. 89.—Pens used in feeding experiments. Illinois Station. 


Phosphoric acid! is found in the flesh. The animal takes up 
phosphoric acid when it adds flesh, and it gives off phosphoric 
acid when it loses flesh. Phosphoric acid is also found in the 
bones, as phosphates of lime and magnesia. Phosphates are also 
present in milk. The gain or loss of phosphoric acid may be 
estimated by ascertaining the income in the food and the outgo 
in the solid excrement and urine. This gives the phosphorus bal- 
ance. Grown animals may be maintained in phosphorus equi- 


1 See Ohio Technical Bulletin 5 for a comprehensive review. 
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librium but growing animals must gain phosphorus for the growth 
of the bone. 

An animal which does not receive enough phosphoric acid, 
lime, and magnesia in its food, loses continually small quantities 
of phosphates of lime and magnesia. This is removed from its 
bones, making the bones porous, weak, and liable to break. This 
diseased condition occurs in some districts where the feeding 
stuffs do not contain enough lime or phosphoric acid, and may 
be produced artificially by withholding phosphates from the ani- 
mal. It may also be caused by an excess of acid in the food. 

Growing animals which do not receive sufficient lime and phos- 
phoric acid quickly suffer. Movement becomes painful to them, 
the limbs and spinal column bend, the teeth remain small and 
loose, and the bones weak. Pigs especially are liable to suffer in 
this way because the potatoes and cereals fed to them do not con- 
tain enough lime.t| Straw and chaff of cereals, the cereal grains, 
and their by-products, as bran, gluten meal, etc., malt sprouts, 
molasses, and whey, are poor in lime. The straw and chaff of 
grains, beet pulp, potato pulp, and molasses are poor in phos- 
phoric acid. Clovers, meadow hay, and leguminous seeds are 
rich in lime. Cereal grains, bran, oil cake, flesh, and fish by- 
products are rich in phosphoric acid. 

When lime is deficient in the feed, it may be supplied as pre- 
cipitated chalk. Lime and phosphoric acid together may be given 
in the form of precipitated phosphate of lime or finely ground 
bone. 


Lecithin? appears to stimulate the growth of the bones and 
body. For example, one guinea pig fed 0.10 gram lecithin per 
day, in addition to other food, increased 1,380 grams in 10 weeks ; 
but another pig fed no lecithin, under the same conditions, gained 
300 grams.* 

Water.— Water lightens the work of chewing, and makes 
swallowing possible. It is indispensable to digestion and absorp- 
tion of food. The digestive ferments can act only in solution, 


1 See Missouri Bulletin No. 6, also Ohio Bulletin 271. 
» Missouri Bulletin No. 61. 
3 Compt. rendu., 1902, p. 1166. 
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Fig. 90.—Calf (A) from cow fed on corn products, active at birth; calf (B) from 
cow fed on wheat products, unable to stand at birth. Wisconsin Station. 


Fig. 91.—Cow (A) fed on corn products, vigorous; compare with cow (B) 
fed on wheat products, unthrifty. Wisconsin Station. 
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and the products of digestion can enter the body in dilute solu- 
tion only. Concentrated solutions cause strong peristatic move- 
ments, which end with the ejection of the material. Water also 
circulates in the blood and secretions, and carries out the ex- 
creted metabolic products in the urine. It aids to remove an 
excess of heat from the body by evaporation. One gram of 
water on being converted from the liquid to the gaseous state 
takes up 535.9 calories. 

Too little water delays digestion and absorption, and causes 
the nitrogenous metabolic products to remain in the body longer 
than usual. The blood gradually thickens, the body temperature 
is elevated, and the decomposition of fat and albumen conse- 
quently increases. Growing animals are injured by too little 
water, or by receiving it at irregular intervals. When water is 
placed freely at the disposal of the animal, an excessive con- 
sumption is not to be feared, unless caused by very watery food 
or too much salt. The amount of water consumed on an average 
for 1 pound dry matter is as follows: 


Pounds 
Spates. Sortie asad a Seoacters as oe Reaver wie tore chase ciao MMe seston 7 to 8 
AE Gi WSt ee ey ere hae tc ctavaas taielwes stihastesl oneal ts Susihsra sual Ween tans 4 to 6 
(Dern aerre eee estes ie So eheia tes ere o cate ssi est eeehe ie aiceoqnantettes 2 to 3 
TAGESESE cree TS Ree terove aaneite ereiciis se bteta’ sales Marcie Sienaeheueaccent 25to) 3 
SIRE CD eatin eee rine sale ele aedte Ae MELE a state Molatte 2-tons 


The quantity of water consumed varies with the temperature, as 
in warm weather more is required to replace that lost in per- 
spiration. 

Aromatic Bodies.—These are the bodies which give an agree- 
able taste and odor to feeding-stuffs. They have no effect upon 
digestion, and, on account of their small quantity, little on pro- 
duction. ‘Their chief effect is upon the nervous system. They 
awaken the appetite, and increase the activity of the secreting 
organs of the mouth and stomach. Special additions of aromatics 
are not necessary when good hay, sound grain, by-products of 
milling, oil cakes, or even good straw or chaff is fed, for these 
contain in themselves sufficient appetizers. Aromatics may, how- 
ever, be of service when the feed is not palatable or the animal 
off feed. 
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Rations from Restricted Sources.—Experiments at the Wiscon- 
sin Experiment Station,t covering a period of four years, show 
that animals fed rations properly balanced, from different plant 
sources, were not alike in general vigor, size, and strength of off- 
spring and capacity for milk secretion. Animals fed from the 
products of the wheat plant exclusively were deficient in vigor; 
those fed from the corn plant were strong and vigorous; those fed 
from’ the oat plant were not as vigorous as those fed the corn 
plant; while those fed a mixed ration were intermediate between 
the wheat and oat rations in vigor. These differences they now 
ascribe to the presence of toxic substances in the wheat germ. 
Thus, other things than the protein and the other fodder groups, 
are important in feeding. 


! Research Bulletin No. 17. 


CHAPIER XXII. 


MAINTENANCE RATION AND FATTENING. 


Maintenance Ration.—The amount of food required to main- 
tain an animal without loss or gain of fat or flesh, is called the 
maintenance ration.1 A maintenance ration must provide enough 
energy to keep up the body heat, and to supply the digestive and 
vital processes, and enough proteids to replace the body waste, and 
provide for natural growth of hair, horn, etc. The amount of 
body heat required will depend upon the surrounding tempera- 
ture. At about 33° C. none will be required; the amount neces- 
sary at lower temperatures will depend upon the size and shape 
of the animal, its protective coverings, the quantity and tempera- 
ture of the drinking water, etc. 


Value of Food for Maintenance.—The quantity of body sub- 
stance protected by given amount of food may be estimated as 
follows: 

Determine the income and outgo of carbon and nitrogen of the 
starving animal. Feed the nutrient to be tested, and again deter- 
mine income and outgo of the carbon and nitrogen. The amount 
of body fat and flesh protected by the known amount of nutrients 
fed is thus ascertained. 

For example, the following is an experiment of Rubner :? 


Nitrogen Fat 
eliminated decomposed 
per day per day 
grams grams 
Fifth and sixth day of hunger....-...----. ---- 3.16 75-92 
Sixth and seventh day with meul...-..--------- 20.63 30.72 
Increase -+-, or decrease —..---.- +201 seeeee eens +17.47 —45.20 


The meat fed increased the elimination of nitrogen and de- 
creased the destruction of fat. 


! Armsby, Bulletin No. 42, Pennsylvania Station. 
> Zeitsch f. Biol., 1886, p. 04. 
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The meat equivalent to 17.47 grams of nitrogen (= 113.4 
grams dry meat) protected 45.2 grams body fat from oxidation, 
so that 250 grams dry meat would protect 100 grams of fat. But 
the available energy of water-free meat is 404 calories; and that 
of dog fat is 940 calories, so that 100 grams fat has the same 
heat value as 232 grams of meat, and the meat protected body fat 
approximately in proportion to its available energy. 


Sifhilar experiments with sugar, starch, and other nutrients 
have shown that the value of different nutrients to an animal 
that is fed insufficient food are in proportion to their content of 
available energy. This is known as the law of isodynamic re- 
placement of nutrients. This law holds only when the thermal 
energy of the food can be entirely utilized in maintaining the 
temperature of the body. When the thermal energy is of no 
value, as when the surrounding temperature is the same as that 
of the body, nutrients should replace one another only in propor- 
tion to their content of kinetic energy. (See Chapter XX). 
When the thermal energy is only partially utilized, the law is 
only partly true. 


Carnivorous animals may be maintained on a ration consisting 
of flesh alone. The quantity necessary is between three and four 
times as much as that oxidized by a starving animal. An addi- 
tion of fat, sugar, starch, or crude fiber decreases the amount of 
proteids required. 


Ascertaining the Maintenance Ration.—The ration which will 
keep an animal without loss or gain of fat or flesh is termed the 
maintenance ration. The maintenance ration is ascertained ex- 
actly by feeding an animal on a given ration, and determining the 
loss or gain of flesh and fat by means of the carbon and nitrogen 
balance. The protein and non-protein in the ration are decreased, 
or increased, as appears necessary from the previous experiment, 
and. the carbon and nitrogen balance again determined. ‘That 
ration which produces only a very slight gain of flesh and fat is 
considered to be the maintenance ration. It is practically im- 
possible to feed a ration which does not produce either a slight 
gain or loss. 
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Factors whch Affect the Maintenance Ration.—The size of the 
maintenance ration is affected by several factors in addition to 
the vital needs of the animal. 

External Temperature-—When the atmosphere has the same 
temperature as the animal body, no heat is required to keep the 
animal warm. ‘The thermal energy of the food, produced in 
digestion, will maintain the animal heat for a few degrees below 
33°, which will vary according to the character of the food. At 
lower temperatures, food must be oxidized to keep the animal 
warm. ‘The amount of food so required will depend upon the 
temperature, and other factors. For example, Rubner* found 
the heat given off by a starving dog, if measured directly in a 
calorimeter, to be as follows: 


Temperature Heat evolved 
Degrees C. Calories 

PO es cae NC PN EE als Ae wee 0 ie ohe a ateters clahagennte 86.4 
TiS Oly rey Seear cuchg RR ACASUnG Laan setsieees be saeie he shore Leola pean mkabinccs Se 63.0 
PLOT he Rae RAR TEMAS BERG clos ocho Ge Nee CeO a ox ee ob 56.0 
DO Aes ahaa heres Toes Mas Siac als alot onoate ls Faaia sos Gabe sua 54.0 
BOIOG ais hia kina heats Sia A eel Mekiy Wleagiele he. Maun nie oe. bhegeones 56.0 
BIE ante ae Aca hit ihe os Hate me tenn eee etek ated che ee aaa aie eure eRe 68.5 


About 65 per cent. more energy was used at 7.6° C. than at 
25°. At 35° the elimination of heat is increased, probably owing 
to disturbances due to the high temperature. 

Feeding standards are based on a temperature of 15° to 20° C. 
At higher temperatures, less feed will be required, at lower tem- 
peratures, more. Since small individuals have a proportionally 
larger body surface than the large animals, they give off more 
heat, and so require more food. For example, it is estimated 
that a grown steer weighing 300 pounds would require per 100 
pounds weight, food of 0.19 pound fat value, while a steer of 
800 pounds, requires per 100 pounds weight, food of 0.14 pound 
fat value, or one-fourth less, weight for weight. 

The Condition of the Animal_—The fatter the animal, the more 
food it requires for maintenance. ‘The increased food required 
is not in proportion to the gain in weight, but the proportion is 
greater than the gain, and increases as the animal becomes fatter. 


1 Gesetz d. Energieverbrauch, 1902, p. 105. 
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Temperature of Drinking Water—Water consumed must 
have its temperature raised to the temperature of the animal 
body. ‘That, of course, requires heat, the amount required being 
considerable if the water is cold. For an example, an ox weigh- 
ing 1,000 pounds requires for maintenance, food having the pro- 
ductive value of 1,500 grams fat per day. Such an animal may 
consume 50 kilograms water per day. If this water has the tem- 
perature of 5° C. the temperature must be raised to 39°, that is, 
34°, and the heat required is 34 x 50 — 1,700 calories, which is 
equal to about 190 grams fat. This is about 13 per cent. of the 
maintenance ration. Cold drinking water must thus be com- 
pensated for by more feed. 


Value of Protein for Maintenance.—Proteids alone will main- 


tain the animal body. ‘The quantity of proteids required is con- 
siderably in excess of the amount of body proteids oxidized by a 
starving animal. By experiments on dogs, starved, and then fed 
on lean meat, it has been found that for 100 parts body proteids 
oxidized, 369 parts proteids in lean meat must be consumed to 
maintain equilibrium. 

The proteids in the body are in two forms, intermediate and 
tissue proteids. The intermediate proteids are rapidly oxidized, 
as they are present in excess of the needs of the body, while the 
tissue proteids are much more resistant. ‘Thus, the amount of 
proteids oxidized by a starving animal will depend at first upon 
the quantity of intermediate proteids in the animal, which in turn 
depends upon the quantity of proteids previously fed. The quan- 
tity of proteids oxidized while an animal is starving, rapidly de- 
creases until it becomes nearly constant. 


The amount of proteids destroyed the first day depends upon 
the previous ration, but after the fifth day it becomes nearly 
constant. 


Ammonium acetate, asparagin, and similar nitrogenous, non- 
proteid bodies, have little or no value for maintenance. An an- 
imal fed upon them, together with starch, fat, etc., will starve 
to death for want of proteids, as will also occur if the proteids 
fed do not yield the amino acids necessary for maintenance. 
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Value of Non-protein for Maintenance.—Non-protein nutrients 
such as sugar, starch, fat, etc., fed alone, will decrease the destruc- 
tion of body proteids by a starving animal to a certain extent, but 
not entirely, and the animal will starve if so fed. A certain 
quantity of proteids is essential. ‘The most practical mainten- 
ance ration is one which contains both protein and non-protein. 

Feeding for Maintenance.—Work animals may be placed on 
maintenance rations during periods of idleness; fat cattle, be- 
tween end of fattening period and time of sale; grown animals, 
until the time of fattening begins; and sheep kept for wool. 
Young animals, on a maintenance ration, continue to grow, and 
are under abnormal conditions, as growth is the normal con- 
dition with them. 

The maintenance ration must provide sufficient energy and 
sufficient proteids for replacement of flesh and fat, and the 
growth of hair, horn, skin, and hoofs. It must be adjusted to 
the size and condition of the animal, and other external condi- 
tions, such as we have discussed. 

On account of the small quantity of kinetic energy and the 
relatively high amount of heat required for maintenance, and 
also because the feed should be bulky in order to satisfy the 
appetite of the animal without carrying large amounts of nutri- 
ment, hays and straws may be largely used. 

Standards for Maintenance.—The following are the amounts of 


food found necessary for maintenance per day and per 1,000 
pounds live weight: 


Total weight P Productive Nutritive 
dry matter Proteids value ratio 
pounds pounds 
Steers. ..--e eee eee eee 12-21 0.6-0.8 1.50 i088 13) 
Sheep, large breeds. -.- 18-23 1.0 2.08 ie 
Sheep, small breeds.. -- 20-26 12 2.25 10a ts) 
Fat steers --------+-+-- 21-24 T.0—1.50 1.75-2.25 iy 3 8) 
Swine -----.-------+-- 20-24 1.0 1.9 i ke 


These standards are based upon’experiments such as those just 
cited. Sheep must receive enough protein to provide for growth 
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of wool. Methods for calculating rations will be given in an- 
other chapter. The nutritive ratio given in the table is the ratio 
of protein to non-protein, and not of proteids. 

Coarse feeds are largely used for maintenance purposes. As 
they almost invariably contain enough phosphoric acid and lime 
to supply the needs of the animal, the ash needs little attention. 
A steer in maintenance requires per 1,000 pounds live weight 
about 45 grams of lime and 22 grams of phosphoric acid in the 
food. 

Utilization of Nutrients for Production of Fat.—The object of 
fattening the animal is to finish it for market. Some of the facts 
and principles upon which the fattening rations are based will 
be discussed. Only the food fed in excess of maintenance re- 
quirements may be used in fattening. In the preceding chapter, 
we not only had the evidence that proteids, crude fiber, fat, and 
nitrogen-free extract could furnish fat,’ but also the quantity of 
fat which each could produce. Other methods of experiment 
have been used to ascertain whether the nutrients of the food 
may be used for the production of fat. 

Hoffman’ fed a dog (previously starved for some days) on 
370.8 grams of fat, and 49 grams of proteids (lean meat) per 
day. In flve days the animal gained 4.2 kilograms and then con- 
tained 1352.7 grams of fat. The amount of fat present at the 
beginning of feeding was estimated at 150 grams as ascertained 
by examination of the dog. The maximum quantity that could 
have been formed from the proteids fed was 130.5 grams. ‘I'he 
remainder of the fat, at least 1,072 grams, must have come from 
the fat eaten. 

The following experiments of Soxhlet* show that carbo- 
hydrates may form fat. Three pigs 5 to 6 months old were first 
fed alike for 321 days. One was killed then and the body sub- 
jected to analysis to ascertain its fat content. The remaining 
two were fed on steamed rice for 75 days and 82 days, respec- 
tively, the nutrients digested being determined by analysis 


' Soskin, Exp. Sta. Record 8, p. 179. 
* Landw. Versuchs-stat., 1894, p. 475. 
* Centralblatt f. Agr. Chem., 1881, p. 574. 
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of food and excrement as in digestion experiments. ‘The animals 
were then killed and subjected to analysis. A quantity of fat 
equal to that in the pig first killed was subtracted, and the differ- 
ence assumed to represent the gain in fat. The results of the 
experiment are as follows: 


Pig No. 1 | Pig No. 2 
kg. kg. 
INI RoyeRS ou (GbleSS CEG] GHEE -  oGORSAIDDOBOHO Uo.J55 UoboGe s0or 1.44 1.60 
PPItrOPEMTetaineMsaS HESMe 6. oe te cinciscee mene acins 0.89 0.45 
Nitrogen ini proteids decammposed.......- 22.00. ooc0-s 0.55 Teg 
Fat possible from proteids decomposed (assuming pro- 
teids produce 51.8 per cent. fat.....-.-.--.--+-+----- 1.78 3.68 
Hataindoodetedieerrer:.. litem t\ 1) - dials 2 Silakegsin eee cccatetorae 0.30 0.34 
Total fat possible from proteids and fat of food........ 2.08 . 4.02 
Cainroffatibysearirnieall . -ti-terepmeten\el =) - © -12) -1-lalolertcteeteiatebey= 10.08 22.18 
Gain from carbohydrates. ---....--. +--+. -++- eeeeeeeeee 8.00 18.16 


Thus, after allowing for the greatest possible gain of fat from 
the proteids and the fat fed, there remains a large quantity of 
fat which could come only from the carbohydrates.1 

The fat of the animal has been found to be modified by the fat 
of the food to a certain degree. In one experiment, a fat con- 
taining iodine was fed, and was found in the body fat, and also 
passed into the milk. A portion of the fat of the food may be 
stored in the animal. The body fat of each kind of animal 
possesses characteristic properties; the cow produces only cow 
fat; the dog, dog fat; etc. Under ordinary conditions, only a 
small part of the animal fat comes directly from the food; the 
major portion is a product of the transformation of matter in 
the cells of the animal. Only when foods rich in fat, such as oil 
cake, corn, rice bran, etc., are fed, can the characteristics of the 
food fat be observed in the fat of the body or of the milk. It is 
usually the custom to finish the animal on feed which will give 
the desired characteristics. The fat of animals fed on cereals 
and grains rich in carbohydrates and poor in oils, is hard. A 
softer fat is obtained when linseed cake, peas, wheat bran, oats, 

* See also Bulletin 22, p. 271, Office Exp. Sta., U. S. Dept. Agr. 
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etc., are fed. Animals exposed to cold have a softer fat than 
those kept in warmer surroundings. A pig kept in a pen at 
freezing temperature had a softer fat than similar pig kept in a 
pen at 30-35°C. 

Composition of Gain of Weight in Fattening—The composition 
of the increased weight in fattening has been studied in two 
ways 

First, animals of different degrees of fatness, but otherwise 
comparable, were killed and subjected to analysis. 

Second, animals raised alike were selected, and some killed at 
the beginning, others at intermediate stages, others at the end of 
the fattening experiment. ‘The bodies were subjected to analysis. 

The animals killed at the end of the experiment or during the 
process, were supposed to have originally had the same composi- 
tion as those killed at the beginning of the experiment. When 
the live weight of the animals and their percentage composition 
is known, it is a simple matter to calculate the composition of 
gain in material during fattening. 

The composition of sheep at different degrees of fatness was 
found at Rothamsted! to be as follows: 


PERCENTAGE COMPOSITION OF SHEEP. 


Lean Half fat Fat Very fat 
Offal 

Stomach and intestines ......--.. 6.0 9.1 6.0 5.2 

Carcass 
TEAC SOS OM Oe Dam mo oar 14.8 14.0 12.2 10.9 
1ER tio dae OO San bee ite Dr om AcrOeIae 18.7 2335 35.6 45.8 
NGtis setae aap oc aa onoe Saoumeee Bee 3.2 2.8 2.9 
NAL GIR sl ice sya tials eetauancie le wie tereieisials SEs 50.2 43.4 35.2 
Aelia log ceesae aed oa coe paercs 100.0 100.0 100.0 100.0 


It is noted that there is a decided decrease in the percentage of 
water,,a slight decrease in the percentage of proteids, and a large 
increase in the percentage of fat, during the process of the fatten- 
ing. With other animals than sheep, the results were similar. 


1 Bulletin 22, p. 249, Office Exp. Sta. U. S. Dept. Agr. 
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The following table shows one calculation of the composition 
of the gain in fattening, and illustrates the method of procedure. 
The part of the offal in the gain is calculated also. 


COMPONENTS OF A FAT AND A LEAN SHEEP, SHOWING THE 
_COMPOSITION OF THE GAIN IN FATTENING. 


7 ati “ea an Percentage 

Vv ae t en ase com sition 
‘Total weight .......... 108.6 44.3 64.3 100.0 
IPrOtveidS) sis)... «in\ceuets'- «oe 11.83 6.56 Beery 8.2 
AR alt ale =: <lateekerere staitmiets: «| ale 49.74 8.27 41.47 64.5 
VAST /.ce ath clate oS <2 Bans 1.41 1.74 gah, 
WiPlkeye aon bobo socoMD ae 38.23 25.38 12.85 20.0 
Offallhatiscceemees > soe 5.60 2.67 2.93 4.6 


The average increase in body substance on fattening, exclusive 
of offal, from the experiments on oxen, sheep, and swine at the 
Rothamsted Experiment Station is as follows: 


Proterd Scere eis: be eee Ne san ley ate eee eee eta 7.5 
|e Tt Wee h Sic RUPEE bcc) = > 5 2) Bees Ot Pane bow fu JEG Sh 66.6 
Mineraliimatten 5.5 aera seteere se fos, cc Cee eee 1.5 
WiotG remit aals =): boo SIRE en ercle a. «| eadbeeaeey aes 24.4 

100.0 


It is seen that the increase is mostly fat, only a small part being 
proteids. The nutritive ratio of this gain is 1:20. ‘These an- 
imals were not entirely grown. Grown animals, if in fair con- 
dition, gain very little flesh (proteids) when fattened. 


Factors which Influence the Fattening Ration—A number of 
factors influence the fattening ration: 


Requirements for Maintenance.—Since only the excess of the 
productive value of the food over the maintenance requirements 
may be used for fattening, anything which affects the mainten- 
ance requirements will affect the fattening ration. An increase 
in the maintenance requirements will decrease the gain in fat. 

Stall Temperature.—On account of the heavy-ration fed, the 
animal has a large excess of thermal energy, and the temperature 
of the stall may fall lower than when fed on a maintenance ration 
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without affecting the amount of fat gained. But if the stall be- 
comes too cold, maintenance requirements are increased and the 
animal gains less fat. If the animal has to warm the water con- 
sumed in cold weather to the body temperature, the maintenance 
requirements. may be considerably raised. A large proportion of 
the material otherwise available for fat might be so used. It has 
often been found profitable to warm the drinking water, es- 
pecially for hogs. 

If the external temperature is too high, the animal may have 
trouble in disposing of the heat from the excess of thermal 
energy, and will then eat less of the ration. For this reason 
fattening in summer may be difficult ; in some parts of the South, 
animals fatten better when fed out of doors where the perspira- 
tion may evaporate freely, than when confined in a house. It is 
also often advisable to feed light, rather than heavy, fattening 
rations during warm weather. 

Condition of Animal.—The fatter the Pees the more food is 
required for maintenance, and the less the proportion of it avail- 
able for fattening. Thus the cost of the production of fat in- 
creases with the duration of the fattening process. 

Age of Ammal[.—South Dakota! experiments show the follow- 
ing relation between feed consumed and gain in weight, for cattle 
of different ages. 7 


Pounds eaten for each pound 
of gain in live weight 


Concentrates Hay 
ermine SEEEES aad efe chet bapa)eizcas Hale's 5% Hiatt 6.7 4.3 
DWO=V.Galr OL SECCKS ete ofall: (2 w/e nim « ninio'claiar= a) hele 7.9 4.6 
iliree=yeanold’steensi-r icicle -isimie orete) 4 s)-- ele 8.5 ag 


Excess Over Maintenance Requirements.—Only the excess of 
food over the maintenance requirement can be used for produc- 
tion. The larger the excess, within the limit of the ability of the 
animal to use it, the more economically the food is used. For 
example, if a steer weighing 1,000 pounds that requires 1.5 

1 Bulletin No. 125. 
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pounds productive value for maintenance is fed 2.0 pounds, then 
only 0.5 pound, or one-fourth of the ration is used for produc- 
tion of fat. But this animal should be able to use 3.0 pounds 
productive value, and in such case 1.5 pounds, or one-half of 
the value of the food is used for fat. The fat produced by the 
first ration will require twice as much productive value ‘as that 
formed by the second. ‘The second ration should produce the 
samesresults in two months that the first would give in five. In 
the latter case there is not only a greater expenditure for food, 
but also twice as long to feed and care for the animal. 


This may be put in another way. Suppose a steer weighing 
800 pounds is fed on 5 pounds cotton-seed meal and 20 pounds 
cotton-seed hulls per day. .This ration would have a productive 
value of 1.55. The animal would have a maintenance requirement 
of 1.2, leaving 0.35 pound for fattening, which would produce 
about 0.5 pound gain in live weight per day. Suppose 1 pound 
corn meal is substituted for 1 pound cotton-seed hulls. The 
ration would gain 0.17 pound in productive value, which should 
cause a gain of about 0.25 pound in live weight per day. An 
addition of 2 pounds corn meal would thus double the gain in 
weight per day. 


Too heavy a fattening ration taxes the capacity of the animal, 
and decreases the production of fat. The excess of food inter- 
feres with the digestive processes and makes the fattening less 
successful. Experiments have shown that an excessive ration 
does not produce as large gains as a ration adapted to the capacity 
of the animal. The following are results of two series of experi- 
ments by Morgan? on sheep, in which the quantity of protein was 
kept constant, but the carbohydrates were increased. The effect 
of the increase in the ration is to decrease the gain in weight. 


1 Quoted by Kellner, Die Ernahrung d. Landw. Nutzture, p. 414. 
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DIGESTIBLE NUTRIENTS FED PER 1,000 POUNDS LIVE WEIGHY. 


Protein Carbohydrates 5 ay ene 
pounds pounds * pounds 
Experiment I 
Group A .--- sees cece ee ee eee 3.54 16.5 3.56 
Group B.-.-.-------++- batsdaiahetet eye 3.54 18.9 3.76 
Group Cees- scence ee cence ee eee. 3.54 BIR 2.79 
Experiment 2 
Group A ---- esse eee cee ee tees 5.18 18.1 4.06 
Group B -------- +++ eseeee eenees 5.18 20.7 3.87 
Group (QE OSITIOOICIEEC |) 70. GOIaEeEs 5.18 23.3 3.70 


Feeding Experiments—The values of feeding-stuffs for fat 
production are often compared by means of feeding experiments. 
Feeding experiments have also been of great value in establishing 
standards of feeding for various purposes. Feeding experiments 
do not give such exact values as experiments in which the carbon 
and the nitrogen balance are determined, but they are very useful 
in their proper field. 

Two systems of feeding experiments are used. In the first 
system, the same groups of animals are fed upon the different 
rations in succession. ‘The method is open to the objection that 
the effect of any ration will depend to a considerable extent upon 
the preceding rations, and the same feed may give entirely differ- 
ent results according to the character of the feeding which pre- 
cedes it. The feed, of course, affects the condition of the animal, 
so that the maintenance requirements vary, and the excess of 
the ration over the maintenance requirements, which is the portion 
used for the gain in weight, will depend upon the previous feed- 
ing. The results of the feeding will thus depend upon the prev- 
ious feed, as well as on the ration being studied. 

The second system consists in dividing the animals into groups, 
and feeding to the different groups the rations to be compared. 
This method gives good results when properly used. Care 
should be exercised to have the groups exactly equivalent at the 
beginning of the test. The groups should consist of ten or more 
animals. Each animal should be matched in age, form, live 
weight, etc., with another animal in the other group. The groups 


el 
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should be compared by means of a preliminary feeding period, in 
which the animals receive the same ration for 30 days or 
more. If each group makes the same gain on the same feed, 
the experiment proper may be begun; but if there is only a 
slight difference in gain, the groups should be re-arranged, and 
another test made. 

The best results are secured when the ration is about three- 
quartérs of the standards. If the production is forced to its 
upper limit, or if more feed is given than the animal can utilize, 
the differences due to the different feeds, may be insignificant. 


When different feeds are added to a basal ration, the produc- 
tive value should not be altered by other compensatory additions. 
For example, if cotton-seed meal is compared with gluten meal, 
and straw is added to increase the nitrogen-free extract for cot- . 
ton-seed meal, the experiment would be unfavorable to cotton- 
seed meal, because the nitrogen-free extract of straw is not equal 
to that of gluten meal. The rations should be weighed out for 
each animal, and fed in such order or with such preparation that 
they will be completely consumed. 


The live weight varies very much on account of irregular ex- 
cretion of dung, irregular elimination of urine, unequal consump- 
tion of water from day to day, etc. The animals should be 
weighed 3 days in succession, just before the midday meal, 
every 10 days. Since the first weighings are usually of little 
value, on account of the animals being excited, the animals should 
be accustomed to the weighing as early as possible. 


The feeding period should not be too short. Two months is 
the minimum for fattening and work animals, but it is better 
to continue the experiment with fattening animals, until they are 
fully fat and then to make a slaughter test on them. Important 
observations are sometimes made only when the experiment is.- 
continued a long time. | 

When comparing two feeds, equal quantities should be fed. If 
one feed is more palatable than the other, and the animals allowed 
to eat more, they will have a larger excess over their maintenance 
requirements, and the results will be more favorable to the more 
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palatable food. ‘The degree of accuracy secured depends upon 
the number of animals used and other factors.* 

Standards for Fattening Rations.—Since fattening animals put 
on little flesh, it would appear that they require little more pro- 
teids than animals on a maintenance ration. The heavy ration 
fed, however, demands a quantity of digestive fluids composed 
largely of proteids. Since the digestibility of the food is de- 
creased if the nutritive. ratio is too wide, the nutritive ratio 
should not be wider than 1:10. A ratio narrower than I: 4 in- 
creases the oxidation of matter in the body, and so decreases the 
production of fat. Numbers of experiments have been made 
comparing wide and narrow rations. Wolff,? for example, taking 
the average of 18 experiments, found sheep to make equal gains 
whether the nutritive ratio was 1:7 to 8, or 1:4 to 5. Lehmann’ 
compared I :12 to 1:5, with results. There is thus a wide 
margin in the quantity of digestible protein which may be fed, 
and if protein is sufficiently cheap, it may be used for the purpose 
of producing fat. 

If the animal is not in good condition, the ration should be 
moderate at first and gradually increased, beginning with a nutri- 
tive ratio not wider than 1: 6. 

The quantity of fat fed is not important, but if fed to rumi- 
nants in greater quantity than 1 pound per 1,000 pounds live 
weight, it is liable to decrease the appetite or cause digestive dis- 
turbances and interfere with the fattening. Pigs can use more 
than this amount. 

The fattening ration for steers should not exceed 3.6 pounds 
productive value per day and per 1,000 pounds, but may be lower 
than this, according to the time it is desired to take for the fatten- 
ing. Rapid fattening is less expensive than slow fattening. The 
increase in live weight in fattening diminishes in the course of 
the process, since the maintenance requirements increase with 
the increase in weight of the animals. The cost of production 
of gain in weight increases considerably towards the end of the 
fattening period. 


1 Mitchell and Grindley, Bulletin 165, Illinois Station. 
2 Landw. Jahrbuch, 1896, p. 193. 
* Landw. Jahrbuch, 1902, p. 162. 
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The following are the amounts of nutrients desirable for fat- 
tening, per day and 1,000 pounds live weight: 


al ° ae 
weight dry| Proteias Proqucave, Nui 
Pigs 
Preliminary. period ..-.-..-.-.--- 33-87 3.0 6.8 115.5 
Fat@maine period ..........-....: 28-33 2.8 6.5 I: 6.0 
Fital period -- <6. = 1. wees eee 24-28 2.0 5.0 I :6.5 
Fattening sheep.--..--------- +--+ 24-32 1.6 3.6 it SVG 
Fattening oxen | 
Preliminary period .......--.-+--- 22-30 1.8 3.0 1: 6.4 
Main period. ......--..-++seee--: 24-32 1.6 30-3 OMI 5.5 
Finishing period .-.... ..-..--.- 22-30 1.4 233-3 Auld: 6:0 


The fattening standard calls for that quantity of feed which 
gives the most rapid fattening. Any excess of feed over the 
maintenance requirements produces fat; the fattening standard 
gives the largest quantity which should be used. 


Fig. 93.—Carcass of hogs fed on, (A) corn and, (B) barley. 
North Dakota Station. 


Practice of Fattening.—Straw has little value for fattening 
purposes. It is so bulky that the animal cannot eat sufficient 
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feed for best results, when the straw is used in quantity in the 
ration. Even good meadow or clover hay has too great bulk in 
proportion to its nutritive content to be used in quantity in in- 
tensive fattening. Good pasturage is excellent for fattening, and 
in exceptionally favored localities may be the only fattening feed. 
But usually the animal is finished on more concentrated feed. 

In feeding large rations, care must be taken to render the food 
palatable, so that the animal will be induced to eat as much as 
possible. ‘The use of well-flavored feeds, salt, molasses, or spec- 
ial preparation of the feed, may be of advantage in causing the 
animal to consume the desired amount. 

Anything that disquiets the animal, as irregular meals, rough 
treatment, insufficient bedding, etc., increases the oxidation of 
matter and decreases the production of fat. Armsby has found, 
by direct measurements, that an animal standing consumes about 
one-fourth more energy than when lying down. ‘The temperature 
of the stall should be kept low rather than high, as the digestive 
processes of the fattening animal evolve a considerable amount of 
heat, which is partly radiated and partly carried off by evapora- 
tion of water from the body. If insufficient ventilation, heavy 
hair, or fat layers under the skin decrease evaporation, the animal 
instinctively consumes less food. 

The effect of fattening is chiefly perceptible in increase of live 
weight. At the beginning, the weight increases rapidly for a 
few days, due to filling the body with food and water. After the 
fattening proper has been begun, regular weighings, which are 
best made before the morning meal, show the progress of the 
fattening. According to the quantity of the feed, a tolerably 
constant increase in weight occurs for a longer or shorter period. 
The weekly increase then gradually becomes less and less, until 
finally it disappears. When the increase of weight ceases, it does 
not prove that fattening has ceased. Fat continues to be depos- 
ited for a time, taking the place of. water, until the capacity of 
the tissues is satisfied. The cost of production of the increase of 
fat and flesh increases considerably towards the end of the fat- 
tening period. 

Another cause of the decreased production with length of fat- 
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tening period is the increase in the maintenance requirement of 
the animal, which takes place more rapidly than the increase in 
weight. 

For the maintenance of fattening animals, rations much smaller 
than the fattening ration suffice, and should depend on the degree 
of fatness. The transition to a maintenance ration should be 
gradual. 

. Hogs 1% years old require no specially high amounts of pro- 

tein. As they have a high digestive power for carbohydrates the 
nutritive ratio may be as wide as 1:10. Excessive quantities of 
fat in the feed may injure the quality of the bacon. At the be- 
ginning of the fattening period, hogs may consume as much as 
30 pounds food per 1,000 pounds weight, but as the fattening 
progresses, which ends in 344 to 4 months, the consumption of 
foods sinks considerably, until towards the end, 19 to 20 pounds 
are used. The ration for the different periods of fattening are 
shown in the table previously given. 

If the hogs are in poor condition, a preliminary period of 2 to 
4 weeks with 4 pounds proteids per 1,000 pounds live weight is 
advisable. The proteids should also be increased if the animals 
are not fully grown. 


CHAP THR XT. 


FEEDING WORK ANIMALS AND GROWING ANIMALS. 


Work requires energy, which is produced by the oxidation 
of organic matter within the tissues. It has been known for 
a long time that animals use up more oxygen and give off more 
carbon dioxide while they are doing work than when they are 
at rest. A considerable amount of investigation has been re- 
quired to ascertain the value of different nutrients for producing 
work. 

Nutrients Oxidized During Work.—The effect of work upon 
the proteids of the body can be studied by determining the quan- 
tity of nitrogen in the urine during periods of rest and periods 
of work. If the work necessarily involves a destruction of pro- 
teids, an increased elimination of nitrogen will result. Experi- 
ments have given contradictory results. For example, a dog fed 
on meat eliminated the following quantities of nitrogen, during 
three consecutive periods: 


Nitrogen in urine 
grams per day 


IN OM WO Gat aerate! | >. 27 he mtn se cM eo a% a7 54.9 
AE Covad ccrh aNd cn \ 5) Sty 2 eRe Sc als so ee eer 48.0 
IN OV AOS bo. 0.10 6 Soe AIS. Cooicrolo Povo la’a Aco cee note met artis 55.0 


In other experiments, the proteid metabolism was considerably 
increased. ‘The results depend on the ration being fed. If the 
ration supplies sufficient carbohydrates and fat to furnish energy 
for the work, proteids will not be oxidized, but if the ration is 
deficient in this respect, proteids will be oxidized to furnish the 
necessary energy. 

Animals at work exhale increased amounts of carbon dioxide, 
even though there be no increase in the quantity of nitrogen 
eliminated. ‘This is evidence that fats or carbohydrates are be- 
ing used for the production of work. Further evidence that 
starch and other non-proteids can be used for the production of 
work, is afforded by experiments, such as the following: 

A working animal was fed on a ration poor in protein. In 
a second period the same ration was fed with the addition of 
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starch and the amount of work was then increased until the 
same amount of nitrogen was eliminated as in the first period. 
When the same amount of protein was being decomposed, it was 
found that the animal was doing more work. ‘That is, the starch 
was used for production of work. A similar experiment showed 
that oil enabled the animal to do more work. An experiment 
showing that proteids may be used in work was as follows: 
A horse was fed a ration rich in protein, and put on light work 
for about 10 days. ‘The work was then trebled, and made 
a hard day’s work. ‘The excretion of nitrogen immediately in- 
creased 45 grams per day, and the live weight of the animal 
gradually decreased. 

Exercise may cause muscular growth. For example, Atwater 
and Benedict found that a man at rest lost 0.7 gram nitro- 
gen per day and 7.8 grams fat; but when working, he gained 1.1 
grams nitrogen and lost 48.4 grams fat on the same ration. 

Respiratory Methods.—The following is a method for deter- 
mining the consumption of energy during various kinds of work, 
which has also been of service in other studies, such as ascertain- 
ing the amount of energy involved in chewing. The animal to 
be studied is subjected to a surgical operation, and a tube inserted 
into its windpipe, so that while air may be inspired freely, the 
expired air passes through a rubber tube into a suitable vessel for 
collection. ‘The expired air is measured, and the quantity of car- 
bon dioxide and oxygen in it determined. The quantity of nitro- 
gen eliminated in the urine is also determined, and shows how 
much proteids have been oxidized. When fats are burned, for 
every I cc. of oxygen which disappears, 0.707 cc. carbon dioxide 
is formed. With carbohydrates, I cc. oxygen is replaced by 1 
cc. carbon dioxide. Hence the ratio of carbon dioxide to oxygen 
(corrected for proteids consumed) allows us to calculate the 
relative proportions of fats and carbohydrates oxidized. ‘This 
_ method cannot be considered as highly accurate. By means of 
it, the expenditure of energy caused by walking or running on a 
smooth slope, going up-hill, drawing a load, etc., have been 
studied. 

1 Hagemann, Exp. Sta. Record Io, p. 813. 
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Energy for Work.—Work is measured in meter-kilograms, or 
foot-pounds. A meter-kilogram is 1 kilogram raised to the 
height of 1 meter. Exact experiments have shown that one 
large calorie, if completely transformed into kinetic energy, can 
perform 425 meter-kilograms work. Experiments have shown 
that an animal can utilize for work about one-third of the 
available energy in the food. In ten experiments on a man climb- 
ing stairs, the percentage was 33.1 per cent., and in eighteen ex- 
periments on a horse, it was 29 to 38 per cent. It is estimated 
by Kellner that, after allowing for all losses, 1 gram of pure 
protein digested will yield 656 meter-kilograms work, 1 gram of 
fat 1,214, and I gram of carbohydrate, 533. The rate of work, 
and the kind, both affect the consumption of nutrients, also the 
shape of the animal as related to the kind of work done. Being 
accustomed to a particular kind of work also decreases the 
oxidation of nutrients. It is said that a man working a tread- 
mill oxidized 25 per cent. less nutrients after 56 days work, 
though doing the same quantity of work per day. According to 
the structure of the working animals, the development of its 
muscles, and the position of the extremities doing the Work, the 
portion of the energy which appears in the work varies. For 
moving their own bodies, Zuntz found a variation of 0.284 to 
0.441 calorie per I kilogram weight and 1 meter distance with 
different animals. Fatigue increases consumption of energy. 


Rations for Working Animals——Animals when at work require 
little more proteids than when not at work; a nutritive ratio of 
1:7 1s sufficient. 

Horses will work off nutrients fed in excess of the maintenance 
ration by increased movements in the stall, so that it is not 
possible to assume that the maintenance ration is secured when. 
an equilibrium between income and outgo is secured. 


Standards for Work Animals——Two methods are used for 
studying the needs of working animals. One is to determine the 
maximum amount of work which can be secured with a given 
ration without loss of condition. The other method consists in 
starting with an insufficient ration, and gradually increasing it 
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until it is sufficient to maintain the animal under the required 
conditions. Both these methods have been used to a consider- 
able extent for studying the rations for working horses. 


The following are standards for working animals, per day 
and 1,000 pounds live weight: 


| 
Total | ~~ 
Tei 3 - Productive | Nutritive 
5 o pet RY| Proteids: | “sain ratio 
Pounds Pounds 

EPORSe MIPIE WOGK! 2/2. 5 «005 scsi rene 18-23 t.0 2.3 63 
Horse, moderate WOOL sercxorerateveusheeret 21-26 1.4 2.9 6.9 
Horse, heavy WODLKi che ciatale ier te hetero 23-28 2.0 3.8 a 
(Oss, Ibe ite \iford ea eomopoesonceso acdc 20-25 I.I 1.9 10,9 
Ox a mOd erate WOEK. <1. c,<-0e1 oc srejeiale”s 22-28 1.4 2.4 75 
One, INGEN AAV yold eins ood OUGoIdde noDS 25-30 1.8 3.2 aes 


A working animal can utilize somewhat more fat than a fatten- 
ing animal. 


Feeding Horses..—In some large horse establishments only 
oat- or wheat-straw are used, as fewer cases of colic occur than 
when hay is used. Oats, barley, and corn are used for con- 
centrates, oats being preferred in northern climates and corn in 
southern. Corn appears to be equally as good as oats. Care 
should be taken that the food is not musty or damaged, and 
horses should be allowed 2 to 2% hours for eating and rest. 


Growing Animals.—Growth is the normal condition of a young 
animal. Equilibrium between income and outgo would be an 
abnormal condition, if it could be secured. 

With proper food, young animals gain in weight much more 
rapidly than mature animals with the heaviest fattening ration. 
The animals do not have smaller maintenance requirements, but 
they eat more in proportion to weight, and are able to store a 
greater excess over their maintenance requirements, than grown 
animals. A calf two to three weeks old has been known to re- 
tain 73 per cent. of the proteids consumed. As the animal grows 
older, the percentage of the food retained in the body decreases. 


See Bulletin 125, Office Exp. Sta., U. S. Dept. Agr. 
30875 : 
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The proportion of food eaten to live weight also decreases ; thus, 
a larger proportion of the food must be used for maintenance. 

The following experiments of Weisket were begun with lambs 
4 months old, and carried out in seven periods of 114 months 
each. ‘The nutritive ratio was 1:4.6 at first and later, when 
about 15 months old, was 1: 6.3. 


PER 50 KILOGRAMS LIVE WEIGHT. 


Fed Daily gain 
Period ; 

ale Protein een Nitrogen Lime 

Grams Grams Grams 
Tele Meee eines So Senor I, 101 188 363 6.75 3.20 
Wie con SoockcoOnemmnepes|| 715%, 163 271 5.16 3.76 
TT itis n terscsreensr ace &, seep severe 917 139 206 gyi 3.65 
IN, Moseaadnoobe cteol sce gol 138 153 4.37 BIsIy/ 
Wi eee SES wpa cll cone ore 809 119 86 3.06 2.50 
AWE S abe Sisco 6.0 coloneeninc 762 108 63 2.94 2.63 
WAVING ¢Gssiadin Gotonacdeses 733 98 85 Bar ll 2.64 
SS goecesoowobacdsdesar 572 61 — 1.84 0.57 


The quantity of food consumed per 50 kilograms weight, de- 
creases with the age of the animal, and the gain in weight de- 
creases much more rapidly. Thus, the food eaten in the eighth 
period of seven-elevenths of that in the first, while the gain is only 
one-fourth. 


The increase in weight of young animals is largely flesh, body 
organs, and bones. ‘They thus require considerable protein. 
Young animals also require more mineral matter than older ones, 
to build up the bones. Lime and phosphoric acid especially are 
required. ‘The preceding table shows the decreased retention of 
lime with age of the animal. 

The following data compiled by Henry from the results of a 
number of feeding experiments with pigs at various experiment 
stations, shows the increase in the quantity of food required for 
a pound of gain as the animal grows older: 


1 Landw. Jahrbucher, 1880, p. 205. 
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Feed eaten per 


Weight Ioo pounds gain 
pounds pounds 
15 = SOMERS ss a Lidic oc eac ccs ngatewecss. sss: . ail 203 
GOS) ey os co HOR SAA ee eet 400 
TOO SERENE eric. Wisc. ss oie oh oars s.. 2s oa 437 
MIELOS2I00) 5 2 SO OC COR eG CREED Or abl occ 6 CCRT «oc 482 
ZOO 2G OME ins ei sicic treet Naps «io Raa Oe Le soe s a 408 
PALS —T100) 6 So DOU ARERR Oo 25 CARO GES OSIM «cl 511 
LAGOS? aac ec De se ss bone 3 bs ee 535 


Proteids—Certain proteids, such as zein, do not supply the 
amino acids necessary for growth. Hence attention must be paid 
to the kind as well as to the quantity of proteids fed growing 
animals. 


Mineral Matter—Growing animals retain from 40 to 60 per 
cent. of the lime and phosphoric acid in the food. As the skel- 
eton of a calf a year old contains on an average 17 pounds lime 
and 15 pounds phosphoric acid, the animal must take up 21 
grams lime and 19 grams phosphoric acid per day, and the food 
should contain 40 to 60 grams each of these to meet the require- 
ments. ‘The body of a pig contains about 1.15 per cent. lime 
and 1.10 per cent. phosphoric acid which would be equivalent to 
a daily increase of 3.8 grams lime and 3.7 grams phosphoric acid 
for a pig a year old weighing 250 pounds. As about 3 grams 
must be present in the food for 1 gram stored up, the animal will 
need 12 grams per day each of lime and of phosphoric acid. It 
is important to pay attention to the mineral matter in the food of 
growing animals. 


Feeding Young Animals.—Animals intended for fattening 
should be fed more liberally than those that are to be used for 
milk or work. But with all animals the natural development 
should proceed normally. It is a serious mistake to assume that 
improper feeding when young can be counteracted by liberal 
feeding afterwards. Young animals fed on a ration deficient in 
proteids yield a carcass of poor quality overcharged with fat. 

The extreme sensitiveness of young animals requires care in 
avoiding all injurious influences, in food, as well as in care and 
protection. Food should be supplied often on account of the 
limited capacity of the animal. Regular feeding, clean vessels 
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for eating and drinking, good care of the skin, a well ventilated 
stall, and clean, dry bedding are requisites to satisfactory growth. 
Drafts, cold, and wet, which affect young animals much more 
than old ones, are often very injurious. Sufficient exercise is nec- 
essary for the full development of bones and muscles, and in- 
creases the resistance to adverse influences of weather and 
disease. 


Calves—Calves should be allowed mother’s milk for the first 
few days. Calves intended to be used as milch cows should re- 
ceive daily one-seventh to one-eighth of their live weight of full 
milk, for at least 3 weeks. Animals to be used for fattening 
should receive daily one-fifth to one-sixth of their weight of 
milk for about 6 weeks. Fresh milk, while still warm, is best. 
Ten liters milk or 1.2 kilograms solids produce about 1 kilogram 
live weight increase. The increase is, of course, proportional to 
the excess over the maintenance requirements and not to the live 
weight. 

Other food should be introduced gradually. Skim milk may 
replace the full milk gradually, replacing the fat lost in skimming 
by a paste made of linseed or oat meal, 25 to 30 grams, to % liter. 
of milk, Later: linseed: cake: bran,etc.,.may be. used) sou 
milk if fed should be introduced gradually. 

Calves have only one stomach and can utilize only easily diges- 
tible food. As they grow older, other stomachs develop and they 
can then use hay, etc. The animal gradually becomes accustomed 
to hay. At the end of the third month, beets, straw, softened 
oats, barley or pea meal, oii meal, malt germs, etc., may be fed. 

When milk alone is fed, an addition of about 15 grams of pre- 
cipitated chalk per day has been found beneficial. There is sel- 
dom a deficiency of phosphoric acid but if straw and much grain 
is fed, there may not be enough lime in the food. 


Lambs.—Lambs are usually weaned from 3 to 4 weeks after 
birth. Good meadow hay, and soaked oats, are fed and not too 
cold water. They should be allowed to suck often, at first. 
Sudden changes from stall to pasture are injurious. Lambs 
thrive on pasture. They require stronger food than calves. 
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Szwine.—Pigs suck 6 to 8 weeks, but when 2 to 3 weeks old 
they begin to eat. ‘They may be given unground barley or wheat 
grains or soaked oats, also some wood charcoal, hard coal, earth 
or sand. After 3 weeks, whole cow’s milk heated and diluted 
one-half with water, may be fed. Milk and grain contain enough 
phosphoric acid, but not enough lime. It is well to feed some 
precipitated chalk increasing the amount gradually until from 8 
to 10. grams per day are fed. 

Experiments have shown that a nutritive ratio of 1:4 is best 
until the pigs are 5 months old, as it gives the greatest increase 
of live weight for the food consumed. After this age, the ratio 
1:6 is better. | 

Standards for Growing Animals.—The following are standards 
for feeding growing animals: 

_ PER DAY AND 1,000 POUNDS LIVE WEIGHT. 


Pounds Proteids Productive Nutritive 
total pounds pounds ratio 
(1) Growing cattle, for milk cows 
or work: 

Age 2- 3 months.....:......... 23 3.4 4.6 4.6 
estos) ss Bee Nanay foe es 24 2.8 3.7 4.9 
ME Gy ue SEO) urate acacia ese 3 : 26 Dele 3.1 6.0 
OS. taste} Be ee dp.Gio COL DIO Soe De 26 1.8 2.6 7.0 
“78-24 SOE) we een ea seb (cus tnh, 33 26 Tes 23 8.0 

(II) To be fattened: 

Age 2-— 3 months.............-. 23 4.5 4.9 4.4 
ce" 3—\6 OCS a orem nce aor oe 24 Ba5 4.3 4.6 
iG =12 UO bya cmbase moons 26 2.8 3.6 5:5 
che 12—18 Ee Pataienste te tous ere 26 Page 2.8 6.5 
‘ 18-24 SE gn Pee (ME ot > Sb pete iereer aatiele 26 1.5 Za 7-5 

(III) Growing hogs, to be fattened: 

Age 2- 3 months ......... setees 44 6.2 8.5 4.0 
Sehal 3 rain cn te th iene meeeeaR oho, Oo 5 36 4.5 8.0 5.0 
Sees SU rime RRS cnn hate hae 300m Ba5 6.6 5.5 
BO LSet eh aes Sneed rte eee 28 S140) 6.1 6.0 
< g-12 UR ude sie pts ote 25 2.4 5.0 6.5 

Growing hogs, for breeding: 

Age 2- 3. months .......-....... 44 6.2 8.5 4.0 
OO Lines Shaacnoaucu6 Of 36 4.0 6.8 5.0 
parce 16 G60): iesetenehaes aay ss 32 3.0 5.8 5.5 
(Oren Gt (8 SON LE wera). auctor sietete rae 28 733) 5:0 6.0 
“s - g-12 66 OGRE Gane Gam 25 07, ae 6.5 
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FEEDING MILK COWS. 


Milk cows are fed for the purpose of producing milk or butter 
fat. It was formerly believed that milk is extracted directly 
from the blood of the cow. But casein and milk sugar, which 
are constituents of the milk, cannot be extracted from blood, 
because they are not present in blood. Apparently, milk is elab- 
orated from the blood and lymph by chemical changes within the 
cells of the udder. 

Factors which Influence Milk Production—A number of fac- 
tors influence the quantity and composition of the milk. 

Breeds of Animals—Breeds of milk cows are divided into two 
groups, those giving relatively large quantities of milk with mod- 
erate fat content, and those giving less milk with a higher per- 
centage of fat. To the first group belong the Holsteins, 
Ayrshires, Durhams, etc., and to the second, the Jersey and 
Guernsey. The average by Konig of about five hundred analy- 
ses of milk from animals belonging to these two groups, is as 
follows: ; 


Holstein group | Jersey group 
Per cent. Per cent. 
Watery stete ois, cyare tenes omaratete steeieececs isl stoner een or ohena nets 87.49 86.83 
PHOLCIAS sucks connec Mele oe iene. eealee. Wieseueisleserse 3.47 3.30 
IRENE coudos HpOdoD JOODdl.s Ooduo oO ceo SOnbC aiaketore 3.46 4.07 
Sugar... --- 52sec ee cece ee cece eee ne cece ee ee 4.86 5.04 
PNG hig aidan era palee os pa ockdod 6 Semroee ee Momasae 0.72 0.76 


Individuality—Individuals of the same breed vary decidedly in 
the quantity and composition of the milk they give. For ex- 
ample, a study of each individual in a herd of 16 cows by Hits- 
cher, showed the following differences: 


Minimum Maximum 
Duration of period of lactation .-.....-.--+. +... 270 days 390 days 
Total production of milk .......-.............- 2,330.0 kg. | 4,702.0 kg. 
Total production of fat -...-.-..------+.-+- «ee 74.4 kg. 149.3 kg. 
Percentage of fat in milk ............-..---..+- 2.63 3.81 
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The best cow gave twice as much fat and milk as the poorest. 
Some cows are very profitable, while others are fed at a loss. It 
is important to test the individuals of a herd; the unprofitable 
animals should be sold, and the feed of the others adjusted to 
the quantity of milk produced. 

Fluctuations—The amount and composition of the milk from 
the same cow may vary considerably from day to day. Thus, 
Fleisehmann? found by daily measurement and analysis, that the 
amount and composition of the milk from the same cow, varied 
as follows: 


Total quantity] Percentage 
of milk of fat in milk 
Kilograms 
April 
WM Chobbiekibinle Donon da 2066 eno CLo a Gedo OOO eee 10.4 2.76 
AWtciexal trad Talimetetarateter sven sFeteremeverereieterarencrcis elisrae. cs sive ee 12.1 3.46 
Average Proestahetstaret rctoleretcloveliot= sieticha cis\’e 6 oss a ryote II.2 3.03 
May 
NE sONE Nae Come cod UD BOSS SO Ce RenO cc 8.7 2.62 
Wiesaviyiyiles ao5o0 Seno erate (ato vaar ails, sraisie (ses a8) loveneponete 17) 3.93 
AVETAZE <2 02 ones cece eee se cece cece ee naee II.9 3.20 


The table shows a variation of nearly 25 per cent. between the 
maximum and minimum for April, and 50 per cent. for. May. 
The milk from the other cows in the herd varied also, but not 
on the same days, showing that the variations were not due to 
factors which influenced the entire herd alike, but to individual 
differences. : 


Period of Lactation—The amount of milk given decreases 
with the time the animal has been giving milk, but the decrease 
varies with the animal. With some cows the decrease is regular 
and gradual, others give the same quantity for a long time and 
then suddenly fall off. The following table from Fleischmann’s 
experiments, shows how the milk may decrease with period of 
lactation, and it also shows that the percentage of fat increases. 
Cow No. 1 behaves somewhat differently from cow No. 2, the 
decrease with the period of lactation taking place more regularly. 

1 Landw. Jahrbuch,’ 1891. 
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EFFECT OF PERIOD OF LACTATION ON QUANTITY AND 


COMPOSITION oF MILK. 


Average percentage 
of fatin milk _ 


Oonun 


On BRA Wh 


Average quantity 
of milk per day 
Cow No. 1 | Cow No. 2| Cow No. 1 | Cow No. 2 
April savin) Sp Seah Matoys ai teeteete Retielee = Ser vat ake ame roles se TI.6 14.4 3.0 
May MONIC o.0 GOIONUG Od ao. obicin-ec Soe 12.0 15.9 Bina 
Yili @oabsoqocAd Roonaan occc ag --| /1Os5 16.6 3.4 
tthy nelbomomasrsolocco ceo: . coqoRerde | 8.8 12.3 3.5 
PATTSUISL, -\- =1- -\elieiniel-) «lah teli (ols <\- 9.7 12.9 3.6 
September avelene: 1d ja.je\sixaye tote) ae teeta” ss g.1 10.5 a7) 
October: see so oe ae ac | HSI 8.5 3.4 
November cntect suse ses a or Reo cs | 6.6 6.7 BES 
Decembericckeete see ea eee es \5.1 5.6 a2) 
| 
VERNER Scud coms 4 50bpmeodcS 2oe0e 2.2 2.8 5.8 


BW BH HO WO 


“I 


Age—The quantity of milk appears to increase slightly up to 
The fat content ap- 


the fifth calf, and then decreases slightly. 
pears to remain constant for a long time. 


Frequency of Milking—The more frequently the cow is 
milked, the greater the quantity of milk, provided the milking is 


not done so often as to irritate the udder. 


the following experiment of Kaull :1 


This is shown by 


Period of milking 


Milk 
per milking 


IDNA) KON RIag no node baba nods oo du CSHOUB ado oT 
Every GuIVOUES Ee siete: cheat) Stairadetal elas ete Slcvovsie Sem rotates 
EV EI yA GMO UTSlar capes islelstyantersepeets senate ele ere ore 
IDYVAIGy Op smobbnwhiyjho cocdogaobasdos 4 oas= S00 o0bk 
BVery SS ue MES cay fac) esi nee tee se aN 


Kilograms 


3.81 
2.46 
2.06 

.66 


.07 


Milk per day 


Kilograms 


As the udder fills, the formation of milk decreases. 


There is, 


however, a tendency for the capacity of the udder to adjust itself 
to the quantity of milk produced by the cow. According to 
Fleischmann, from 6 to 7 per cent. more fat and milk are secured 


‘ Ber. d. Landw. Inst., Halle, 1891. 
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by three milkings instead of two. The number of milkings 
should depend upon the cost of the milking and the value of the 
milk. Four milkings may sometimes be justified with fresh cows 
of high productiveness, but under ordinary conditions not more 
than three, and often only two should be made. 

The shorter the periods between milking, the richer the milk 
in fat and solids. ‘Thus, when three milkings were made, the 
composition of the milk was found to be as, follows in an experi- 
ment by Fleischmann: 


COMPOSITION OF MILK. 


Dry matter Fat 

Per cent. Per cent. 
4.00 A. M. milking 0 COE Oto CoO SN Oa AIOE ee DiS i 2.79 
12.30 Noon milking SOU COO GAG OO0 OUT ORO EES 11.79 3.05 
7.00 P, M. milking .---.---.---- +--+. eee s ee eens 12.44 3.76 


Portion of the Milking.—lf milk is gathered in fractions, and 
subjected to analysis, the first portions are found to be poorer in 
fat and solids than the succeeding portions. The following re- 
sults were secured by Boussingault :* 


COMPOSITION OF SUCCESSIVE FRACTIONS OF MILK. 


Wei 
of fea eae pe oe 

grams matter . 
URAC HIO MON O felt stele ieis.cte wrcilaks lars whe e\eyerayeiecttsne teeter. 398 10.47 1.70 
TEL TOTIG NG a2 eile tele) lamina) crcyanetel oh ohcistcunisustaremeucea 628 10.75 1.76 
Fraction No. 3 ---:- -2-+ eee eee ees ta ee eee 1,295 10.85 2.10 
FAEACETOM NO A ete aelewe lays n1e tne lope) e(=8 = a\(o\elsyelle. wi na 1,390 T28 2.54 
Praction) NOs 5) 2 asics cee cjecjns sce = 1,565 11.63 3.14 
JEON INGOs O Ao e55-c00n00 oar uootO Oba C eo oe 315 12.67 4.08 


Not only are the strippings very rich in fat, but any milk left 
in the udder decreases the amount secreted. Hence all the milk 
possible should be removed at each milking. 

W ork.—Working the cow decreases the quantity of milk and 
fat produced, while the percentages of protein, fat, and ash in- 
crease. ‘The effect depends upon the amount of work and the 

1 Ann. Chem., et Phy., 1866. 


474 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


feed of the animal. Light work does not appear to decrease the 
total production of dry matter. 


Palatability of Food.—It has been found that palatable food 
increases the yield of milk. In experiments in which two rations 
equal in feeding value were fed, the one tasteless, the other of 
well flavored hay, etc., the second ration always gave better re- 
sults than the first. 


Other Conditions.—The milk secreting organs are closely re- 
lated to the nervous system. Rough treatment, irregular milk- 
ing, disturbance, insufficient bedding, a cold stall, and other 
similar conditions decrease the quantity of milk and fat pro- 
duced. 


Methods of InvestigationIn studying the effect of various 
conditions upon the production and composition of milk, it is 
necessary to eliminate the influence of all factors except the one 
to be studied. Some of these factors, such as the kind and fre- 
quency of milking, may be eliminated by treating the animals 
alike. Others, such as individuality, may be compensated for 
by taking a sufficient number of animals. Two systems of ex- 
periment! are in use—the period system, and the group system, 
which correspond to the methods used for feeding experiments 
on fattening animals. 


The Period System.—Ten or more cows are fed upon a standard 
ration for a period of 2 or 3 weeks. Next the cows are fed on 
rations to be tested during three periods or more of the same 
length. ‘The standard ration is then fed for another period. In 
each period, the production of milk and fat is determined. From 
the production of fat and milk during the first and the last 
periods, we calculate the quantity which should be produced 
during the intermediate periods, assuming that a regular decrease 
in production takes place. We compare the calculated produc- 
tion with that actually found to occur, and the difference gives 
the effect of the ration we are testing. 


1 See Kellner, Ernahring d. Landw. Nutztiere. p. 500. 
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For example, suppose the results with the standard ration 
during the first and fifth period of 20 days each, are as follows: 


First period, average 14.27 kg. milk and 4.38 grams fat per day 
Fifth period, average 13.63 kg. milk and 4.22 grams fat per day 


Decrease 0.64 kg. 0.16 kg. 


From the middle of the first to the middle of the fifth period is 
80 days, or four periods. ‘The decrease is thus 0.16 kilogram 
milk and 0.04 gram fat for each period, and if the same ration 
were continued, the daily production for each period would be: 


Period 1 (found) 14.27 kg. milk and 4.38 grams fat per day 
Period 2 (calculated) 14.11 kg. milk and 4.34 grams fat per day 
Period 3 (calculated) 13.95 kg. milk and 4.30 grams fat per day 
Period 4 (calculated) 13.79 kg. milk and 4.26 grams fat per day 
Period 5 (found) 13.63 kg. milk and 4.22 grams fat per day 


The actual production with the ration being tested during the 
intermediate periods is compared with the calculated production. 
For example, if the production is 13.00 kilograms milk and 4.10 
grams fat in period 2, the ration fed has decreased the produc- 
tion 1.11 kilograms milk and 0.24 gram fat. 

This methods assumes a regular decrease in the production 
during the period of lactation. ‘This assumption may or may not 
be true with one or two animals, but with eight or ten cows, it is 
practically true. 

The difference in the condition of the animal due to the pre- 
vious feeding also has some effect upon the quantity and quality 
of the milk. 


Group System.—This corresponds to the group system for fat- 
tening experiments. Each cow should be matched in race, age, 
weight, period of lactation, quantity and composition of milk 
against similar animals in the other groups. The groups are fed 
alike for a preliminary test period of 30 to 60 days, during which 
the yield and composition of the milk is estimated. If any dif- 
ferences in the groups appear, the cows should be re-arranged, 
or new animals brought in, and another test made. When each 
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group makes the same production with the same ration, the ex- 
periment is begun. ‘The composition and quantity of the milk is 
then determined for a period of 10 days. A test period follows 
in which the feeds to be tested are compared. One method of 
procedure is as follows: Suppose Indian corn and kafir corn are 
to be compared. All groups are fed roughage, concentrates, and 
equal quantities of Indian corn and kafir corn during the pre- 
liminary period. At the beginning of the test period, Group A 
receives kafir corn in place of Indian corn and Group B Indian 
corn in place of kafir corn. Group C receives the same ration 
as before, containing equal parts kafir corn and Indian corn. 
Including the transition period, the feeding tests lasts 1 to 2 
months, and every 8 to 10 days, as before, the average milk pro- 
duction is determined. In the last 10 days of the period the 
composition of the milk is also determined. An after period of 
1 to’'2 months follows, in which the food is the same as in the 
preliminary feeding period. ‘The live weight is also to be de- 
termined on three successive days at the end of each period and 
in each sub-period. All factors except the feed tested should 
remain constant. 


Effect of Nutrition on Milk Production.—The composition and 
quantity of milk depends; first, upon the capability of the animal 
and the stage of lactation; and secondly, upon the food. The 
animal cannot increase the milk flow above the limits of the 
capacity of the animal. An excess of feed will go into body fat. 
A deficiency of food will decrease the milk flow, shorten the 
period of lactation, and may permanently injure the productive- 
ness of the animal. The food should be adjusted to the greatest 
quantity of milk possible to be produced and should be decreased 
gradually during the period of lactation. When the ration is 
reduced from a sufficient to an insufficient one, the milk glands 
do not respond immediately to the change, but they consume more 
or less body substance for the production of milk, and the condi- 
tion of the animal becomes visibly worse. This fact is observed 
so often with cows fresh in milk, that many believe that cows 
must always become thinner after calving. But the effect of in- 
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sufficient food-soon shows in a decrease in the quantity of milk 
and the percentages of fat and dry matter. For example, 
Fleischer! secured the following results : 


Total 

3 Calculated? P 

mn production Decrease 

" Kilograms Kilograms Kilograms 
Period 1, sufficient food.....:..:55. 13.35 — = 
Period 2, insufficient food.......... 9.05 12.70 3.65 
Period 3, insufficient food plus oil-. 8.85 12.05 2220 

Period 4, insufficient food plus bean 

‘mai lsopkbesecucmaowe goooocccsd 44 9.15 II.50 2.35 
Period 5, sufficient food......-....- 10.10 10.35 


There was also a falling off in condition of the animal. The 
insufficient food decreased the milk nearly 30 per cent. 

Insufficient food also decreases the ability of the udder to 
secrete milk, which decrease may become permanent if an in- 
sufficient ration is fed for a long time. The decrease in produc- 
tion which naturally occurs in the course of lactation, is accel- 
erated by insufficient food, and diminished by abundant food. 


If we start with a very insufficient ration, and increase it, the 
production of milk will increase at first in proportion to the addi- 
tions, and then the increase in milk will be less for each equal 
increment of food, until no effect at all is secured. After a cer- 
tain amount of milk is produced, every increase of production 
requires a much larger amonut of food, increasing quantities of 
which are stored as body fat. The highest milk production is 
associated with an improvement in condition. 


The greater the productiveness of the animal, the greater is 
the response to liberal feeding. For example, Kuhn*® determined 
the effect of equal additions to the ration of cows having different 
productiveness, to be as follows: 

1 Jour. f. Landw., 1871, p. 371; 1872, p. 395. 


* Periods of different length. 
3 Jour. f. Landw. 1876, p. 190. 


aN 
Ni 
(ore) 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 


Cow No. I Cow No. 2 

Kilograms Kilograms 
Milk production with basal ration.............. a tyy) 7-45 
Increase caused by addition of 1.5 kg. bean meal 0.92 0.53 
Increase caused by addition of 3.0 kg. bean meal 2.40 1.01 


The same quantity of bean meal produced twice as much in- 
crease in milk with cow No. 1 as with cow No. 2. 

Effect of Proteins.—The effect of protein upon milk flow is 
studied by replacing feeds poor in protein by those richer in 
proteins. For example, Fjard and I'riist replaced barely meal, 
which is poor in proteins, by oil cake rich in proteins, in a number 
of experiments on eight farms and 1,152 cows, with the follow- 
ing average results: 


Group A Group B Group C 

Kilograms Kilograms Kilograms 
Crude protein fed per day.......--. 1.08 1.23 1.38 
VY 1eldvofamillicerercientecietete cle el-letorieterter- 10.85 11.45 11.70 


Increase of proteins thus increased the quantity of milk. It 
had, however, no effect upon the composition of the milk. From 
these and other experiments, it is concluded that protein exerts 
a great influence upon the quantity of milk secreted. The water 
content of the milk, and the percentage composition of the dry 
matter are affected only when protein is fed for a long time in 
quantities considerably exceeding the needs of the animal. In 
such event, the water content increases and the fat decreases. 
Ammonia salts can apparently be used for production of milk 
when fed in a ration poor in nitrogen but rich in carbohydrates. 

Nitrogen-free Nutrients——Since fat and carbohydrates may 
promote flesh production indirectly or pass into body fat, it is 
evident that they may influence the milk glands and milk pro- 
duction. If the ration contains enough proteid but not enough 
carbohydrates or fat to induce the highest production, the milk 
production would not reach its highest limits, but a part of the 

1 Jahresber, f. Agr. Chem., 1893, p. 394. 
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protein must replace fat or carbohydrates. The addition of car- 
bohydrates or fat should, in such case, increase production. If 
there is sufficient protein and the nitrogen-free nutrients are in- 
creased, the result depends upon the nutrition of the animal and 
the capacity of the milk glands, and also upon the depression in 
digestion of protein caused by the additions. If the latter occurs 
to a great extent, a decided depression in milk yield will take 
place, while with more proteids in the ration, a less decided effect 
will be produced. With poorly nourished but productive animals, 
the additions would cause an increase in milk due to better nutri- 
tion, which would not appear in the case of a better nourished 
or a less productive animal. The result of the addition would, 
therefore, be different according to conditions, and experiments 
may give contradictory results. 

Both carbohydrates and fat of the feed take part in the pro- 
duction of milk fat. For example, from an experiment of W. H. 
Jordon,’ we can calculate the maximum quantity of fat possible 
to be formed from the fat fed and the protein fed, and we know 
from analyses the quantity of fat in the milk: 


Experiment 1 | Experiment 2 


/ Kilograms Kilograms 
Jer igh iy iaetel Goce chp oolao oem MOOG Oabooood DooS m5 2.2 
Fat possible from proteids..---. +--+ +--+ seer eee 7.8 17.8 
Thor eS Sepa sO ao HiO.G GOD OU Ud O05 os CcioodG 9.3 20.0 
1Daue (lover shal ssbllkey Ao aoeoce moon » doe pan cic oboe 17.6 Mh 
Excess, which must have been made from carbo- 
Wnydrates, Cl@ «<<< oe - cise c-- eo swie cene ees cn ee 8.3 iG/G) 


The increase of live weight showed that the animal did not lose 
weight. After allowing for all the fat possible from protein and 
fat in the food, there still remains a considerable amount of fat 
which could only come from carbohydrates. . 

Increase of carbohydrates does not affect the fat in milk. Ex- 
periments to ascertain the effect of an increase in fat in the food 
on the quantity of fat in the milk, have given contradictory re- 

1 Bulletin 197, New York Geneva Station. 
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sults; but the weight of the evidence is to the effect that the per- 
centage of fat in the milk is not modified by the quantity of fat 
in the food. 

It was observed in Holland that butter from cows on pasture 
in the fall decreased in volatile acids. Sjollema found that beet 
heads would prevent this, and later found cane sugar to have the 
same effect. The pasturage was found to contain less carbohy- 
drates in the fall. It is possible that a part of the volatile acids 
in butter originate from the fermentation in the animal, and for 
this reason, a smaller amount was present as the early ferment- 
able carbohydrates in the food decreased. The character of the 
fat fed also has an effect upon the composition of the butter. 
Various experiments in adding oil to rations have produced but- 
ter that was somewhat affected by the character of the oil fed. 

Harrington! found that feeding cotton-seed meal made the 
butter much harder, and decreased the quantity of volatile acids 
in it. For example, while normal butter contains approximately 
7.0 per cent. fatty acids volatile with steam, butter made from 
the milk of cows fed cotton seed contained in one case only 305 
per cent. volatile acids. 

Standards for Milk Cows.—The amount of feed to be fed must 
depend upon the quantity of milk given as well as on the weight 
of the cow. The feeds should be adjusted to the individual ani- 
mals, and not to the average of the herd. The adjustment may 
easily be made by arranging the cows in groups according to 
yield of milk, and adjusting the ration by measuring different 
quantities of the concentrates for each group. The value of the 
milk as related to the cost of the feed must determine whether 
the milk production should be forced to a maximum by giving a 
heavy ration, or, whether a somewhat lower ration should be fed 
for more economical production. As stated before, the produc- 
tion of the largest possible amount of milk requires much more 
food than the production of a somewhat smaller amount, as the 
effect of each addition of food on production diminishes as the 
quantity of feed is increased, and becomes very small near the 
upper limits of the capacity of the animal. 


1 Texas Bulletin, 11. 


481 


PRINCIPLES OF AGRICULTURAL CHEMISTRY 


TFA FO 4SO9 puv Woronpoad ay} 0} uorjzeI v Jo anTeA aATONpod ayy jo uolyelay— F6 31,7. 


SO/GO/ SG 
es G/ OF SO Ie 
SOULGEY/ SgG/OZ SI/L 2 
Solace ‘SG/O/ eae 
ae a] eimaerags | G12 
UTI ,O7 AMV OL YOUWPOIY PIUOL/ALILYY 
ANTY)\ LAILONGOL VII NOLLYLT 


31 


482 PRINCIPLES OF AGRICULTURAL CHEMISTRY 


For the production of 1 pound of milk, an animal requires 
about 0.05-0.065 pound proteids, and 0.05-0.07 pound produc- 
tive value, in addition to maintenance requirements. Milk con- 
tains 0.18 per cent. lime and 0.15 per cent. phosphoric acid. Only 
about one-third of the lime and phosphoric acid is digested, so 
that 10 pounds of milk would require about 25 grams each of 
lime and phosphoric acid. ‘To this must be added the maintenance 
requirements of 45 grams of lime and 22 grams of phosphoric 
acid per 1,000 pounds. ‘The requirements for phosphoric acid 
are generally met by the food, especially when meadow hay, 
clovers, or good green fodders are used, but the requirements for 
mineral matter must not be entirely left out of consideration. 
Precipitated phosphate of lime may be used if the ration is de- 
ficient in lime and phosphoric acid. If deficient in lime alone, 
precipitated chalk will supply the deficiency. 

The following are ‘he amounts of nutrients desirable per day 
and 1,000 pounds live weight for milk cows: 


, : Phos- 
oy Tota senteiq.| Produc- |Nutritive) Lime phorie 
Yield weight Proteids tive value] ratio grams acid 
grams 
Ten pounds milk......-- 2252075 inate Pe i Ge erfel! | Yfe) 47 
Twenty pounds milk ----| 25-29 | 2.0 207 Wt ealeytelp Coley 72 
Thirty pounds milk....--. 27-33 | 2.8 Qos Is) O25|) 4120 97 
Forty pounds milk --..-- Za RA aay 4.2 TONS Lid 122 
For maintenance only -.--| 15-21 | 0.7 1.5 [:10,.0) — = 
For each 10 lbs. milk -... — 0.55 0.6 ~ _ — 


—__——-- = —— —- — - —— 


The figures given above for the productive value are for pro- 
duction at the maximum capacity of the animal. For a slightly 
smaller production, the productive value may be reduced 5 to 10 
per cent. ‘The Wisconsin Experiment Station’ recommends as 
a good working rule, to feed as many pounds of concentrates 
(grain feeds) each day, as the cow produces pounds of butter fat 
per week, in addition to as much roughage as she will eat up 
clean, 


1 Bulletin No. 200; Research Bulletin No. 13. 


CHAPTER XXIV. 


FEEDING STANDARDS AND FEEDING. 


Feeding standards, as have previously been given, are placed in 
the form of tables showing the quantity of the different nutrients 
which should be fed to animals of the various kinds. 


Basis of the Standards.—The standards are based, first, upon 
exact experiments to ascertain the needs of animals, such as de- 
scribed in the preceding pages; secondly, on feeding experiments 
with various rations, carried on in large number and in various 
parts of the world, in which the effects of the rations were deter- 
mined; thirdly, on the experience of practical feeders of large 
numbers of animals. 


What the Standards Represent.— I'he standards represent the 
rations which should, as a rule, give the best results. ‘The in- 
dividuality of the animal will be considered by the wise feeder, 
and the ration adapted as may be necessary. ‘The standards must 
in no case be regarded as iron-clad rules, but are merely intended 
to enable a feeder to start with a well-based, average ration. He 
should then modify the ration to suit the requirements of his 
animals. ' 


Suitability of Feed.—Suitability of the feed must be consid- 
ered. Some animals are able to take only small quantities of a 
particular feeding-stuff, or none at all. ‘The palatibility of the 
food is also to be considered. A mixture of a number of foods 
diminishes danger from any suspicious food, and distributes the 
work of digestion over the different digestive organs. Every 
change of food should be gradual, covering a period of 4 to 7 
days, even when the change consists only in a change in quantity. 


The Nutritive Ratio.—The nutritive ratio is the ratio of digest- 
ible protein to digestible non-protein. We add together the 
digestible crude fiber, the digestible nitrogen-free extract, and the 
digestible ether extract multiplied by 2.25, and divide the sum by 
the digestible protein. ‘The following is an example: 
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Dieestiblesmtrogen-free extract .h..:.....: ons aacree 9.6 
Dieestiblegenndetiber (teases: ean ae Sete eae we 14.7 
Digestiblevetherlextracts22:40s <q 22 een... bi eer 50.4 

"Tio telly eter cece ree cies 58. cy eR ee ies boos RR 74.7 
Digsestiblegproteimuee a6. 4. . a Ree es keira met 14.4 
INAibRIti Vienna tiOne tie cass sac: Poe eet aie neces Tisp52 


The nutritive ratio is to be taken chiefly as an aid in calculating 
the ration. The productive value of the ration, and its content 
of proteids, are the important factors to be considered. ‘The 
nutritive ratio should not exceed 1: 10 for ruminants or 1:12 for 
hogs, but rations containing more protein can be used, if desired. 
Protein is usually the expensive portion of a ration, but there are 
localities in which feeds rich in protein are as cheap as other 
concentrates, or cheaper. Such feeds may then be used in mod- 
erate quantity for fattening or other productive purposes. ‘The 
nutritive ratio is given in the table mainly to aid in calculating 
the ration which contains a desired productive value associated 
with a certain quantity of protein. With some feeds it may be 
that the quantity of protein so calculated may exceed the require- 
ments of the standards, but if so, adjustment may be made by 
the methods to be pointed out. 

Proteids.—The amides and amido compounds have little value 
for the production or repair of flesh. ‘They may aid in the diges- 
tion of food when there is a large quantity of non-protein com- 
pared with the quantity of protein present, but otherwise they 
apparently have little value. Hence it is better to base the ration 
on its proteid content, and not on the protein. The standards 
which we have given are based upon digestible proteids and not 
on protein. ‘ 

Fat.—The quantity of fat is not material, provided that it does 
not exceed 1 pound per thousand live weight of the animal. If it 
exceeds this limit, it may derange the digestion of the animal. 

Ash.—As a rule the food contains a sufficient quantity of ash ~ 
for the body, but the ash requires consideration in the case of 
young animals. Young animals require lime and phosphoric 
acid for the purpose of forming bones. A deficiency of either 
of these is liable to cause injury, or disease. In certain localities, 
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the food is deficient in ash. Deficincy in lime alone is corrected 
by the use of precipitated chalk; in phosphoric acid, by the use 
of precipitated or ground phosphate of lime. 


Exact Calculation of a Ration.—Before beginning to calculate 
a ration, it is necessary to decide on the ration desired, the feeds 
available, and their probable composition. In calculating the 
ration we must consider : 


(1) The desired productive value. 
(2) The desired bulk. 
(3) The desired proteid content. 


All these may vary somewhat, especially the bulk and the 
proteids. 

We will term the method of calculation given below, the method 
of substitution. It is best illustrated by an example. Suppose 
we desire a ration with a bulk of about 28 pounds, proteids 2.0 
pounds, and productive value of 2.8 pounds, and wish to use 
corn chops, cotton-seed meal, and cotton-seed hulls, having the 
composition given in the table at the end of this chapter. As 
these feeds contain about 10 per cent. water, for which allow- 
ance has been made in considering the total bulk to be fed, it is 
not necessary to calculate to dry matter. 

First, let us assume that the 28 pounds fed is entirely cotton- 
seed hulls. This quantity of cotton-seed hulls has a productive 
value of 0.84 pound, and the value desired is 2.80 pounds, leaving 
a deficiency of 1.96 pounds. If now we replace cotton-seed hulls 
having a productive value of 0.03 a pound by corn chops, having a 
productive value of 0.206, for every pound of cotton-seed hulls re- 
placed, we gain 0.206-0.03 = 0.176 pound productive value. 
Dividing 1.96 by 0.176 we have 11.1 pounds corn chops, which 
should replace an equal amount of cotton-seed hulls. 

Cotton-seed hulls 17.9 pounds and corn chops 11.1 pounds con- 
tain 0.86 pound proteids, while 2.0 pounds is desired, a de- 
ficiency of 1.14 pounds proteids. Since cotton-seed meal has 
nearly the same productive value as corn chops, it can replace 
corn chops without materially altering the productive value of 
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the ration. If 1 pound average cotton-seed meal containing 0.352 
pound digestible protein replace 1 pound corn chops contain- 
ing 0.065 pound digestible protein, the digestible protein increases 
0.352-0.065 = 0.287 pound, so that to increase the ration 1.14. 
pounds, we require 1.14 divided by 0.287 = 4.0 pounds cotton- 
seed meal in place of an equal quantity of corn chops. ‘The ration 
would then consist of 17.9 pounds cotton-seed hulls, 7.1 pounds 
corn chops, and 4 pounds cotton-seed meal. ‘The substitution of 
I pound cotton-seed meal for 1 pound corn chops decreases the 
productive value 0.206-0.195 = 0.01, or 0.04 pound for the 4 
pounds substituted; and this can be adjusted by adding 0.25 
pound corn chops, making a total of 7.35 pounds corn chops in 
the ration. ‘This finally gives the ration desired. 


The method of calculation here given is as follows: 


(1) Assume the bulk desired is composed of the roughage to 
be used and calculate its productive value. 


(2) Calculate the quantity of concentrate which would give 
the desired productive value if it replaced a portion of the rough- 
age. 

(3) Calculate the proteids in the mixture having the composi- 
tion ascertained above, and then calculate the quantity of a con- 
centrate, rich in proteids, which must replace a portion of the 
other concentrate in order to give the desired quantity of pro- 
teids. The calculation is easier if the two concentrates have 
nearly the same productive value. 


(4) Adjust the ration by increasing or decreasing the quantity 
of one of the concentrates slightly, so that the change in the 
productive value caused by the second concentrate may be al- 
lowed for. . 


Improving a Ration.—Suppose a horse weighing 1,000 pounds 
at hard work, plowing for example, is receiving 7 pounds corn, 6 
pounds wheat bran, and 12 pounds timothy hay. How does this 
ration compare with the standard and how can it be improved? 
First, calculate the digestible proteids and productive value of 
the ration. 
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Digestible proteids * Productive value 
(CGrilebasesoaips adel <5 i. 3> as 7 O,000)-—= 0.48 7. <eor206 == aieAa: 
Wiheat bratiacceiieatecin: >» « 6 SGOsl2 087.2 6 Sion 2 | 10872 
Timothy hay... -----+------- 12) <cOO219 10.25 12 <10.078 = 0,04) 
IGE! ini B Deo oe eto eo 25 1.45 3.10 

(Sy Gah oe Gh no 4 act) Ose AONE AOR 23-28 2.0 3.8 


The ration is too low in proteids and in productive value. Pro- 
ductive value may be increased by substituting corn for timothy 
hay. One pound corn substituted increases the productive value 
0.206-0.078 = 0.128; so to gain the 0.7 pound desired would take 
5.5 pounds corn chops. Each pound of corn chops substituted 
would increase the proteids in the ration 0.068-0.021 = 0.047 
pound, or 5.5 pounds would increase it 0.26 pound. This would 
increase the total proteids to 1.71, but would still leave a de- 
ficiency of 0.29 pound proteids. If we replace corn by cotton- 
seed meal to supply this protein, we require 0.29 + (0.352-0.068 ) 
= 1.0 pound cotton-seed meal. 


The calculated ration would then be as follows: 


Pounds 
arCas EA res oer ase ols » jue oh 3S eee 7+5.5—1.0=I11.5 
DN ETI UD ALS oA sases op sled cacie talon =''6.0 
PRpTEAAT LIV? A Yer a sce Sissy civic, ¢ pl setyecemoen ntehensns I2—5.5= 65 
Rorren-secdbimeal ns aj. 42% as kplessiascei teres = 1.0 

AT Otalhe Gee Meieee cuter akrceolaie: Marstons (eos 25.0 


Reducing the Cost of a Ration.—The commercial prices of 
feeding-stuffs are often not in proportion to their feeding values, 
and rations may often be modified so as to reduce the cost of the 
ration. There are four things to be considered in reducing the 
cost of a ration: (1) the suitability of the feed to the animal; (2) 
the cost of the productive value; (3) the cost of the digestible 
proteids per pound; (4) the cost of the bulk or volume of the 
feed. 


The three last factors can be calculated from the known selling 
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price, and the proteid content and productive value of the feeds. 
The bulk of the feed is of course measured by the total amount 
of dry matter. It often happens that hays cost more per unit of 
feeding value than concentrated feeds. In such cases, the cheaper 
bulky feeds should be used, and the difference in nutritive value 
compensated for by increasing the concentrates. The following 
table shows the relative cost of nutrients in certain feeds at the 
prices given: 


RELATIVE COST OF NUTRIENTS. 


Cost 
Selling price Cost of ere of one pound 
perton | Pound digest) °r roduetive 

Cents Cents 

Cotton-seed meal (Texas).-........ $28.00 3.6 Fees 
Wheat ShortSiecaceeetoo eso 28.00 TOS, 7.9 
Wheat brant. 622). e seit 27.00 10.8 Lig 
(Goyal leioyo¥Snnc5 o¢once vows wood odo s4y 27.00 20.7 6.5 
Kafir corn chops .... +--+... +--+: 25.00 17.8 6.8 
Milo m@ize chops........-. ....-«- 25.00 17.8 6.8 
WYK Obed. boeEsoousooODowouS =. 24.00 14.4 a7 
Rice bration Merve. ss: caoittertomers 18.00 10.0 4.5 
Cottoniseedu- sae Boye so) Bost elee Stele 23.50 8.1 55 
Cofton-secu siulllSirrpeyeteleset = sete eee | 8.50 70.8 14.1 
Alfalfa hay Uleere elele le alate s, 6 evie) ee ee tale ele | 18.50 12.3 11.7 


Suppose a feeder who is using 6 pounds wheat bran at a cost of 
$30.00 a ton, can secure corn at $30.00 and cotton-seed meal at 
$40.00. Would it pay to substitute? Six pounds wheat bran 
contains 0.72 pound proteids and 0.72 pound productive value. 
Three and one-half pounds corn would contain 0.72 pound pro- 
ductive value and 0.241 pound proteids, or a deficiency of 
0.48 pound proteids. Replacing corn by cotton-seed meal, 
0.48 + 0.352 — 0.068 = 1.4 pounds. That is, 1.4 pounds cotton- 
s ed meal and 3.5 pounds corn are equivalent to 6 pounds wheat 
bran. ‘The cost would be 6 x 1.5 = 9 cents for wheat bran; and 
for the mixture, 1.4 x 2.0 = 2.8 cents for the cotton-seed meal, 
and for the corn 3.5 x 1.5, = 5.25 cents, a total of 3.05 cents aon 
the mixture or a difference of 0.95 cent, nearly one-ninth in 
favor of the mixture. The difference in bulk of the ration should 


ee eEeEeEeEeEE 
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be adjusted when such substitutions are made, unless it comes 
within the range of the variations allowed. 

The preceding illustration shows the method which may be 
followed in reducing the cost of a ration. In substituting for pro- 
teids, a suitable feed providing the proteids at the lowest cost 
per unit should be used. In substituting for productive value 
a suitable feed providing the most productive value for 
the money should be used, and the same remark applies to sub- 
stituting for bulk. 

Tables of Feeding Value.—The following tables show the av- 
erage feeding values of a number of feeds. The values of course 
vary with the composition : 


AVERAGE FEEDING VALUE OF FEEDS. 


Total dry mat-|Digestible pro-| Productive 
ter in 100 lbs. |teids in 100 lbs.|vaJue in 100 lbs. 
GRAIN AND SEED 
ARLE yp eteiis sim res «serene eels as vee 89.1 8.4 18.8 
Riera asco BO aa ee soe ere Soe 89.1 6.8 20.6 
Corn and cob meal ......-.-.---- 84.9 4.5 16.5 
VGH (Raa Gude Ven oe a eS Ae 89.9 7.0 18.3 
(OVAIS Sols 4168 GS EO GORE Sone eee 89.0 8.0 14.4 
PP eaatiten tee creeper siotalcicioud obere.c eon. 89.5 | 16.8 16.6 
Witilo) Scie tseeo SoS oeareOn obs Don aEse 89.5 7.1 18.4 
RYE oes cee ee eee eee eee ee eee 88.4 8.1 18.9 
DATA Mere siete ore ie, Sicorewe: ct ova latetayle) Gier eters: « 89.5 8.9 18.4 
Cotton seed .....--+--.eeee eee ee 89.7 14.5 21.2 
By-PRODUCTS 
Brewers grain, dry ---..------.-. 92.0 19.0 12.9 
Cotton-seed meal, prime-........ 91.8 34.2 16.9 
Cotton-seed meal, Texas prime .. 92.0 37.8 eG 
Gluten feed, dry................. 9I.9 20.0 18.4 
Linseed meal, old process ........ 90.8 2735 18.4 
Linseed meal, new process. -.... 90.1 29.3 17.4 
Rye bran’. .-- ---.+----.-02. 22s. 88.2 11.4 Tes 
Wheat bran..... --...........-- 88.1 12.0 12.0 
Wheat shorts.........5..-.....:. 87.9 13.0 18.9 
PSP Opes lap a MO DLO ODI Oe Diero Secanee 90.1 9.0 19.8 
2 lVesise/e |S) age nao Se eae ee 88.5 38.3 20.9 
Gonriml rattictetersieciyere ce laieve s lesmudierse s,s 90.9 6.5 18.6 
JSe reine coach Ocwe Gece DO Caen 89.3 42.9 20.2 
Cold pressed cotton-seed --...--. 90.2 Ay (AL 12.0 
Molasses (cane) ---.++--------- 77.6 _ 1302 
GOR CO IS ea eietcterecereceiite ede al clive: 52 foi 89.3 OLy/, 5-3 
Outelstilliincs seanoododuocd OOO MOS 92.7 0.3 4.5 
IRAs Milo coo hiodsdscsouteD oF gI.0 0.4 0.7 
\WWARCETE OME G Gooo ado SooootoOUS OS 85.7 0.9 6.1 
Cotton-seed hulls...-..-.---.---: 88. 0.6 4.1 
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AVERAGE FEEDING VALUE OF FEEDS-—( Continued.) 


Total Digestible Productive 
dry matter proteids value in 
in 100 lbs. in 100 lbs. 100 lbs. 
GREEN FODDER AND SILAGE 
Ailfiall fa tegericc. rovettecearscratcticrsteveiete os. =) 28.2 PLS 2.9 
Rieducloviedtsriccteststereonerstse teres wile. ecsisrs 29.2 2.2 3.8 
Crimson clover---.--:..-+.+-+++- 19.1 252 2.6 
Qyeraa rekoes abos shbb oe doo omar 20.7 0.4 2.9 
Corn silage-------- +--+ ++0+2250-- 25.6 1.2 3.9 
Rape + ---e cece er eee ee ee ee ee ee: 14.3 2.2 2.6 
HAY AND COARSE FODDER 
VA Pailifia c.<\< clades, «icone emmeMetovate: <i's oh 91.6 6.9 7.9 
Clover hayes - sis cmeeteet- 2. - 84.7 5.4 8.1 
Corn forage = -..<.dsi010 sm ction - 57.8 2.1 7.1 
Cow-pea hay ------ .+-+-- +++++-- . 89.3 8.6 10.0 
Oat hay. .----- ee ee cece eee eee 84.0 2.6 8.6 
Timothy shay:-5 =~ /--1: «eee 86.8 2.1 7.8 
Oat Stray wee ecraaaletenois olene olletetenementalats 90.8 Te 4.9 
Rye straw---- +++. ++ eee e eee eee 92.9 0.6 4.9 
Wheat straw aie Sc = ale)= rica nein aiage 90.4 0.4 3.9 
Riceus thaws ccmin cha atcikere opnterieeiencts 88.0 1.0 3.4 
(GoprabClasie Som ad caps oodkud on 46 87.2 1.0 8.2 
ROOTS AND TUBERS 
Cari tSiaies cele eas tees: Gentes dee 11.4 0.4 1.8 
Mangel wurzels -.-------+--+-++: 9.1 O.I rege 
JeVqetolses Goda osoo coumonoCoes ohau 21.1 On5)2 4.2 
Rutabagas ---- +--+. +++ +eee, 1.4 0.9 Tora 
Turnips. ---- +--+ -+ee-s eee 9.4 0.2 13 
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Absorption, 152, 234. Ammonia absorbed by leaves, 47. 
biological, 239. assimilation, 219, 

Acid consumed, 187. of air, 46. 

Acid, effect on digestion, 406. production in soil, 215. 

Acid phosphate, 306. Ammonification, 204, 200. 

Acid soils, 160, 162, 250. Ammonifying power, 210. 

Acidity, detection, 253. Amzylopsin, 390. 

Acids, fatty in feeds, 353. Animals, composition, 417. 

Acids, in feeds, 375. composition of gain, 45I. 

Active plant food, 180. feeding young, 467. 
significance, 187. growing, 465. 

Adhesion of soils, 116. Animal production, 3. 

Aerobic bacteria, 286. Antiseptics, action on soils, 233. 


Agricultural chemistry, 2. Appalachian mountain soils, 76. 
Agriculture, object, 1. Apatite, 15, 155, 184, 305. 
Appetizers, 434. 

Arabinose, 367. 

Argon, 48. 


Air, carbon dioxide in, 37. 
composition, 36. 
relation to plant, 6. 


Albite, 150. 

Albumins, 357. 

Alcohols, wax, 157, 349. 
Alfalfa, fertilizer for, 344. 


Arid climate, 50, 139. 
Arid soils, 77, 178. 


Ash, 346. 
constituents, II. 
effect of soil and season on, 22. 


meal, 302. essential, 10. 
Alkali, black, 258, 265. excess taken up by plants, 24, 
effect on plants, 263. 191. 
niter, 221. importance, 9. 
origin, 259. indifferent, 109. / 
prevention, 267. minimum needed, 20. 
white, 258. needed by. animals, 458. 
Alkali soils, 258. not created, Io. 
classes, 265. of leaves, 22. 
utilization, 265. of plants (table), 23. 
Alkaloids, 361. _ of roots, 21, 


Alluvial soil, 66, 96. o pete 2 


Amendments, 293. of tubers, 21. 

Amides, 360. stage of growth affecting, 26. 
value in feeding, 447, 484. strong and weak plants, 25. 

Amino acids, 350, 400. - variations, 22. 
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Ash, value in feeding, 436, 467, 
482. 
washed from plants, 20. 
Asparagin, 360. 
value for maintenance, 447. 
Atlantic and Gulf Coastal Plain 
soils, 75. 
Atmosphere, 36. 
soil, 5I. 
Availability of plant food, 181. 


Bacteria, 205. 
affected by heat, 233. 
classes, 208. 
destroyed by ozone, 47. 
in air, 48. 
in animals, 390. 
in manure, 286. 
soil, 205. 
Bacteriods, 222. 
Bagasse, 360. 
Barium in plants, IT. 
Barley, depth of rooting, 104. 
Basalt, 65. 
Bat guano, 297. 
Bile, 399. 
Biotite, 151. | 
Blood, 206. 
Blood meal, 302. 
Bone black, 304. 
Bone meal, 304. 
Boron in plants, I. 
Brewers’ grains, 393. 
Buckwheat, water culture, 12. 
Butter, volatile acids of, 480. 


Cabbage, fertilizer for, 345. 
Calcareous soils (see lime), 186. 
Calcium cyanamid, 45, 205. 
Calcium, essential to plants, 13. 
Caliche, 2094. 
Calorimeter, 378. 

respiration, 421. 
Calorie, 378. 
Calves, feeding, 468. 


INDEX 


Cane sugar, 360. 
Capillary action, I40. 
moisture, 120. 
Carbohydrates, 362, 411, 414. 
digestion of, 4or. 
effect on digestion, 414. 
effect on milk production, 478. 
form fat, 440. 
used in work, 462. 
Carbon balance, 419. 
Carbon bisulphide, effect on soil, 
233 
Carbon circulation, 30. 
Carbon dioxide in air, 36. 
in soil, 51, 50. 
solvent action, 30. 
sources, 37. 
test for, 36. 
weathering by, 57, 58. 
Carbon of food, use, 416. 
Carbonate of lime, effect on soil 
texture, 87. 
solubility, 58. 
effect on tilth (see lime), 90. 
Carnallite, 300. 
Cattle, feeding young, 467. 
Cells, 197. 
Cellulose, 376. 
Cereals, fertilizing, 324. 
Chabazite, 152. 
Chlorine for plants, 14. 
Chlorite, 153. 
Chlorophyll, 30, 355, 36t. 
Chop, 302. 
Citric acid, 376. 
in soil, analysis, 180. 
Clay, 80. 
colloidal, 88. 
effect on soil texture, 87. 
Clays, 86. 
crops for, 92. 
physical composition of, 83. 
Clover. depth of rooting, 104. 
fertilizer for, 344. 


INDEX 


Coefficient of digestibility, 404, 414. 

Colloidal clay, 88. 

Colloids of soils, 166. 

Colluvial soil, 63. 

Concentrates, 380, 301. 
digestion experiments on, 406. 
effect on digestion, 410. 
productive value, 428. 
Cooking, effect on digestion, 413. 

Copper in plants, 11. 

Corn, depth of rooting, 104. 
fertilizer for, 344. 

Cotton, fertilizer for, 344. 

Cottonseed, 297, 370. 

Cottonseed meal, 206, 394. 

Cover crops, 201. 

Cows, feeding, 461. 

Cracklings, 302. 

Crude fiber, 376. 
digestion, 406. 
heat value, 410. 
loss of energy of, 424. 
productive value, 428. 

Crystalline rock, 63. 

Cultivation, 147. 

Cumulose soil, 63. 

Cutin, 374. 

Cyanamide, 45. 


Denitrification, 204, 218. 
Dextrose, 370. 
Diastase, 371. 
Diffusion, 197. 
Digester tankage, 302. 
Digestion, 308. 
artificial, 407. 
energy expended in, 426. 
experiments, 404. 
influence of conditions on, 408. 
losses of energy in, 422. 
marsh gas produced in, 423. 
measure of losses of energy in, 
425. 
study of, 404. 
time of, 405. 
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Diorite, 65. 

Drainage, 141. 

Drain gauge, 143. 
Dry farming, 130. 
Duty of water, 126. 
Dynamiting soils, 107. 


Elements, essential to plants, 11. 
Energy balance, 420. 
Energy in work, 455. 
Energy, kinetic, 426. 
loss of, 422. 
metabolizable, 425. 
of food, disposition of, 422. 
productive, 432. 
thermal, 426. 
Enzyme, 365, 390. 
Erepsin, 400. 
Essential oils, 355. 
Essential elements, 13, 27. 


Ether extract, 346, 348. 
composition, 340. 
digestibility of constituents, 415. 
heat value, 416. 
of soils, 157. 
productive value, 428. 
Experiment, methods, 6. 
Experiment stations, 1. 


Fat, composition, 415. 
effect on digestion, 410. 
effect on milk production, 470. 
food required to produce, 450. 
productive value, 428. 
value in feeding, 484. 
value for maintenance, 445. 
value for work, 462. 


Fat value, 420. 
Fats, digestion, 415. 
Fattening, practice of, 459. 


Fattening rations, factors which 
modify, 452. 


Feed laws, 387. 
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Feeds, definitions, 392. Fixation, 234, 343. 
injurious, 388. by zeolites, 152. 
mineral constituents of, 436. Flax plant by-product, 302. 
preparation, 380. Flesh, composition, 412. 
productive value, 428. Flood plain, 67. 
productive values (table), 480. Fluorine, plant stimulant, 20. 
value for maintenance, 444. . Fructose, 368. 

Feeding experiments, 456. Fungi, soil, 208. 
on Cows, 474. Furfural, 366. 

Feeding for maintenance, 448. 

Feeding standards, 448, 483. . Galactose, 368. 
calculation of ration, 495. Gastric juice, 399. 
fattening, 458. Germination, 1009, 380. 
growing animals, 460. Gibbsite, 156. 
maintenance, 448. Glaciers, 56. 
milk cows, 480. Glacial soils, 60, 76, 97. 
work animals, 465. Glassy rock, 83. 

Fehling’s solution, 365. Glauconite, 153. 

Feldspar, 150. Globulins, 357. 
decomposition, 59. Glucose, 367. 

Fermentation, 37, 365. Glutelins, 357. 
in stomach, 399, 400. Glycerides, 352. 

Fertilization, practice, 343. : Glycogen, 373. 
systems, 336. Granite, 65. 

Fertilizer control, 313. Green sand marl, 153. 

Fertilizers, 203. Grinding, effect on digestion, 413. 
agricultural value, 303, 316. Gums, 374. 
availability, 207. Gypsum, 256. 
calculating formulas, 320. 
effect on transpiration, 121. Hair, fertilizer, 297. 
experiments, 325. Hard pan, 106. 
fixation of, 342. Hay, 384. 
guarantee, 313. Heat values, 378. 
home mixing, 318. Hemicellulose, 374. 
mixed, 312. Hentricontane, 157. 
phosphates, 303. Hexose, 367. 
purchase, 317. Hippuric acid, 424. 
quantity used, 330. Hogs, fattening, 459. 
use, 322. feeding growing, 460. 
valuation, 314. Hornblende, 151. 
wet mixed, 312. Horse, digestive power, 408. 

Field experiments, 245, 332. feeding standard, 465. 

Filler, 312. Humic acid, 362. 


Fish, dried; 207." Humid climate, 50. 
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Humus, 162. 
estimation, 164. 
formation, 278. 
importance, 165. 
of peat and swamps, 164. 
theory of plant nutrition, 0. 
value, , 232. 
Hydration, 57. 
Hydrocarbons, 355. 
Hydrogen peroxide, 47. 
Hygroscopic water, 127. 


Igneous rocks, 63. 
Inosite, 374. 
Inulin, 373. 
Iodine in plants, 63: 
Ions, 108. 
Irrigation, 261. 
Irrigation water, quality, 260. 
Iron, essential to plants, 13. 
in soils, 178. 
minerals, 154. 
plant stimulant, 20. 


Kainit, 310. 

Kaolin, 153. 
Kaolinite, 153. 
Kelp, 300. 

Kinetic energy, 4206. 


Lactation, 471. 
Lactic acid, 376, 399. 
productive value, 428. 


Lactose, 370. 

Lake deposits, 74. 

Lambs, feeding, 468. 

Law of minimum, 31. 

Lead in plants, It. 

Leather, 207. 

Leaves, ash of, 21. 

Lecithin, 354, 439. 

Legumes assimilate nitrogen, 221. 
inoculation, 227. 


Leucin, 360. 
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Light, effect on plants, 5, 39, 40. 
control of, 42. 

Lignin, 376. 

Lime, 116. 
application, 256. 
and acidity, 250. 
burning, 37. 
carbonate, 154. 
effect on crops, 252. 
‘effect on digestion, 412. 
effect on nitrogen assimilation, 

224. 

experiments with, 237. 
effects, 254. 
in feeds, 436. 
loss by weathering, 61, 273. 
need of animals for, 467. 
per cent. in soils, 175. 
ratio to magnesia, 28. 


Limestone, 73, 256. 
solubility, 58. 


Limestone valley soils, 76. 
Linseed meal, 297. 
Lipase, 308. 
Litter, 283. 
Loams, 86. 
crops for, 02. 
Loess, 70, 71. 
Loess soils, 76. 
Lysin, 436. 


Magnesium, essential to plants, 13. 
Maintenance ration, 448. 
Malic acid, 376. 
Malt, 373. 
Maltose, 371: 
Manganese, plant stimulant, 20. 
Mannose, 368. 
Manure, 218, 280. 
application, 280. 
fermentation, 286. 
green, 200. 
horse, 282. 
losses of, 284. 
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Manure, poultry, 282. Nitrogen, accumulation in soils, 
saving, 287. 54. 
sheep, 282. assimilation by bacteria, 45. 
Marsh gas, 423. assimilation by legumes, 211. 
in air, 48. availability, 300. 
estimation, 420. balance, 418. 
from animals, 423. circulation, 45. 


combination of free, 45. 
essential to plants, 13. 
gains by soil, 275. 

in rain, 50. 

in rocks, 54. 

loss from soils, 273, 277. 
of air, 44. 

of food, use, 422. 

of soil atmosphere, 51. 
relation to pot experiments, 193. 
fixation, 204, 220. 
fixing power, 220. 


Meal, 302. 
Meat scrap, 3092. 
Men, digestion experiment on, 404. 
Metabolic nitrogen, 36. 
Metabolic products, 402. 
Metamorphic rock, 63. 
Mica, I51. 
Milk, composition, 470. 
effect of conditions on, 471. 
Milk fat, production, 470. 
Milk production, effect of nutri- 
tion on, 476. 


Nitrogen-free extract, 346, 361. 
composition, 375. 
digestibility of constituents, 414. 
heat value, 415. 
loss of energy, 424. 


Milk sugar, 370. 

Milking, frequency, 472. 
Minerals, 140. 

Mineral theory of plant nutrition, 


0. A 

; roductive value, 428. 
Moraine, 60. se & 
Mucic acid, 368. Nitrogenous fertilizers, 203. 
Muck soils, 74. Nutrients, productive value, 422. 
Muds, 73. Nutrients used in work, 462. 


Muriate of potash, 310. 


: Nutritive ratio, 483. 
Muscoyite, 151. 


effect on digestion, 4IT. 


Nitrate of soda, 2093. 


use, 338. Oats, fertilizer for, 344. 


; : Observati nd experien : 
Nitrates, accumulation, 218. caer tae ee 


electrical production, 45. Oil meal, 395. 
production in soil, 215. Oils, 351. 
Nitric acid of air, 48. Onion fertilizer, 345. 
Nitrification, 204, 210. Organic matter (see humus), 4. 
conditions, 214. and soil temperature, I12. 
study of, 213. decomposition, 2209. 
Nitrifying capacity, 214. decreases cohesion, 116. 
Nitrifying power, 214. gains, 277. 


Nitrobacter, 212. of soil, 156, 228. 
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Organic theory of plant nutrition, 
9. 

Orthoclase, 150. 

Oxalic acid, 376. 

Ox, feeding standard, 465. 

Oxen, composition of gain, 451. 
fattening ration, 459. 

Oxygen, 42. 
for germination, 42. 
weathering action, 58. 

Oyster shells, 256. 

Ozone, 47. 


Pacific coast soils, 78. 
Palmitin, 351. 
Pancreatic juice, 390. 
Peat soils, 74. 
Pectins, 374. 
Pentosans, 374. 
digestibility, 408. 
in soils, 157. 
Pentoses, 360. 
Pepsin, 308. 
Peptones, 358. _ 
Percolation, 142, 271. 
Phosphates, availability, 308. 
soil, 155, 303. 
Phosphoric acid, 18. 
active, 183. 
ammonia, soluble, 166. 
available, 307. 
changes in soil, 241. 
essential to plants, 13. 
fixation, 184, 234. 
in rations, 438. 
needs of animals for, 467. 
percentages in soils, 174. 
relation of active to pot experi- 
ments, 180. 
reverted, 300. 
water-soluble, 306. 
Phytin, 378. 
Piedmont plains, 67. 
soils, 75. 
32 


Pigs, digestive power, 408. 
fattening ration, 450. 
feeding young, 460. 
Pinite, 153. 
Plant, ash essential to, Io. 
ash of (table), 23. 
assimilation of organic matter, 


161. 


Plant constituents, IT. 

Plant food, active, 180. 
and crops, 276. 
and soils, 172. 
definition, 17. 
factors of availability, 181. 
minimum requirements, 18. 
quantity needed, 20. 
washed out, 20. 


Plant life, conditions, 5. 
essentials, 9. 
light on, 39. 
products, 4. 


Plant production, 3. 
Plant stimulants, 20. 
Plants and atmosphere, 6, 30. 
Plants, absorption of carbon 
dioxide, 36. 
color of light on, 4o. 
composition at stages of growth, 
381. 
conditions for life of, 5. 
constituents, 346. 
effect of temperature, 100. 
effect of space on development, 
105. 
essentials for life, 9, 30. 
harvesting, 383. 
law of minimum, 31. 
ratio essential elements, 27. 
variable conditions, 33. 
water required, I19, 123. 


Plowing, labor of, 116. 
Polariscope, 363. 
Porphyry, 64. 
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Pot experiments, 184, 193. 
conduct, 246. 
Potash, active, 183. 
excess taken up, 102. 
fixation, 185. 
loss from soils, 273. 
loss by weathering, 61. 
relation of active to pot experi- 
ments, IOQ1I. 
sources, 308. 
Potash salts, definition, 74. 
Potash of soils, 176. 
Potassium essential to plants, 13. 
Potatoes, depth of rooting, 104. 
Potato fertilizer, 345. 
Prairie soils, 77. 
Primary minerals, 149, 150. 
Productive value, 427. 
calculation of, 431. 
of feeds, 480. 
Production coefficient, 433. 
Proteids, 357. 
digestion, 390. 
effect on milk production, 478. 
form fat, 440. 
productive value, 428. 
utilization, 435. 
value for maintenance, 447. 
value in feeding, 484. ° 
Protein, 346, 356. 
used in work, 462. 
value for maintenance, 447. 
value for work, 464. 
Proteoses, 358. 
Protozoa, soil, 208. 
Ptyalin, 308. 
Putrefaction, 207. 
Pyrite, 155. 
Pyroxene, I5I. 


Quartz, 150. 
Quicklime, 255. 


Radium, 30, 311. 
Raffinose, 371. 


Rain, nitrogen in, 40. 
Rainfall relation to yield of crops, 
125. 
Rare elements in soil, 156. 
Ration, calculation of, 485. 
improving, 486. 
reducing cost of, 487. 
Rennin, 308. 
Respiration calorimeter, 421. 
Respiratory methods, 463. 
Rhamnose, 367. 
Rice bran, 304. 
River deposits, 67. 
Rivers, carrying power, 66. 
Rock, crystalline, 63. 
Rocks, final weathering products 
of, 60. 
glassy, 63. 
granite, 65. 
igneous, 63. 
metamorphic, 63. 
solution of, 57. 
stony, 64. 
weathering of, 54. 
Rocky Mountain soils, 78. 
Rothamsted, foundation of, To. 
Root absorption, 108. 
Roots, ash of, 21. 
acidity, 180. 
depth of penetration, 102. 
need for oxygen, 43. 
root tubercles, 212. 
solvent action, 200. 


Roughage, 380, 390. 
Ruminants, 390. 


Saliva, 308. 
Salt for animals, 436. 
Sand, 80. 


Sands, 73, 86. 
crops for, 92. 
particles of, 83. 


Sandstone, 73. 
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Saponification, 351. 
value, 353. 
Screenings, 302. 
Secondary minerals, 149, ISI. 
Sedentary soils, 61. 
Seeds, ash of, 21. 
classes, 380. 
need oxygen, 43. 
Serpentine, 153. 
Siderite, 154. 
Silage, 348, 386. 
Silica, 152: 
function in plants, 16. 
Silicates, hydrated, 149, 152. 
Silt, 80. 
Soda, not essential, 16. 
Soil acidity, 160, 250, 253. 
air space, I15. 
Soil analysis, 167. 
antiseptic action, 232. 
apparent specific gravity, 113. 
by strong acids, 161. 
interpretation, 173, 195. 
Soil atmosphere, 51. 
arid, 178. | 
Soil bacteria, 204, 206, 233. 


Soil, action of heat on, 233. 
carbon dioxide of, 51. 
carbonate of lime in, 154, 186. 
chloroform extract of, 157. 
chemical composition, 167. 
classification, 85, 95. 
cohesion, 116. 
color, I12. 
complete analysis, 168. 
colloids, 166. 
colluvial, 63. 
constituents, 149. 
crumbs, 90. 
cumulose, 63. 
deficiencies, 174, 244, 245. 
depth, 102. 
depth limitations of, 106. 
effects of manure on, 200. 
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Soil, ether extract of, 157. 


extract, composition, 182. 

fertility of, relation to composi- 
tion, I7I. 

fixation in, 234, 230. 

from igneous rocks, 63. 

from rocks, 54. 

fungi, 208. 

glacial, 57, 60, 76, 97. 

investigation of minerals of, 155. 

limestone, 73, 76, 90, 97. 

maps, 90. 

losses and gains of, 61, 76, 271, 
341. 

mechanical composition, 86. 

mechanical analysis, 709. 

minerals, 147. 

minerals, solubility, 183. 

muck, 74. 

organic matter, 156, 228. 
ammonia-soluble, 162. 


particles, relation to texture, 83. 

particles, 79. 

peat, 74. 

pentosans in, 157. 

physical properties, 101. 

protozoa, 208. 

provinces of the U. S., 74. 

quantity of water in, 127. 

rare elements in, 156. 

relation to adaptation to crops, 
a 


relation to water, 123. 
retention of water by, 135. 
sedentary, 61. 

series, 94. 

shrinking of, 117. 

specific gravity, 113. 
survey, 90. 

solutions, 190. 
temperature, 107, I10. 
texture and composition, 87. 
toxic theory of, 158. 
transported, 61. 


on 
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Soil, types, 94. 
types, composition, 170. 
ventilation, 51. 
water, 132, 136, 138. 
water control, 147. 
water losses, 142. 
water gains, 139. 
water and transpiration, 121. 
water in, 132. 
water-soluble part, 196. 
water capacity, 135. 
water extract, 201. 
water, effect on temperature, 
III. 
water per foot, IT4. 
weathering, 61. 
wet soils, 148. 
wind blown, 71. 


Soils, alluvial, 56, 66, 76. 

Specific gravity of soils, I13. . 

Stachyose, 370. 

Stage of growth, effect on diges- 
tion, 412. 


Starch, 371. 
digestibility, 414. 
forms fat, 4409. 
manufacture, 373. 
maintenance value, 445. 
productive value, 428. 

Steapsin, 399. 

Stilbite, 152. 

Stony rock, 64. 

Straw, 22. 

Steers, maintenance ration, 448. 

Sheep, composition of gain, 451. 
digestive power, 408. 
fattening ration, 459. 
maintenance ration, 448. 

Subsoil, ror. 

Sucrose, 369. 

Sugar, loss in drying, 347. 
productive value, 428. 
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Sugars, 363. 
digestibility, 414. 
fermentation, 365. 
manufacture, 360. 
value for maintenance, 428. 


Sulphate of ammonia, 294. 

Sulphate of potash, 370. 

Sulphur dioxide in air, 48. 

Sulphur, essential to plants, 18. 
in soils, 258. 

Superphosphates, 307. 

Swamp, 139. 

Syenite, 65. 

Syrup, 369. 


Taleo res 
Tankage, 297. 
Tannic acid, 376. 
Tartaric acid, 376. 
Temperature, weathering by, 55. 
Therm, 378, 432. 
Thermal energy, 421. 
Thomas phosphate, 306. 
Till, 60. 
Tilth, 9o. 
Tobacco grown under shade, 41. 
stems, 308. 
soils, 93. 
Tomatoes, fertilizer for, 345. 
Toxic theory, 158. 
Transpiration, 119, 108. 
Transported soils, 161. 
Trypsin, 390. 
Tryptophane, 436. 
Truck crops, fertilizer for, 345. 
Tubercles, 12. 
Tyrosin, 350. 


Urea, 424. 
Uric acid, 424. 
Urine, 424. 


Valuation of fertilizers, 314. 
Vitamines, 378. 
Vivianite, 155. 
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Water, available, 136. 
control of, 146. 
composition of rain, 48. 
evaporation, 145. 
estimation in plants, 347. 
effect of water temperature on 
food required, 438. 
flowing in soils, 131. 
irrigation, 261. 
in feeding, 447. 
in plants, 346. 
losses from soil, 142. 
nitrogen in rain, 40. 
quality, 260. 
quantity required by plants, 123. 
Water culture, Io. 
Water capacity of soils, 201. 


Water-soluble, 
100. 


soil constituents, 
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Water table, 107, 138. 

Wavellite, 155. 

Wax alcohols, 355. 
digestion of, 409. 


Weathering agencies, 53. 
loss by, 60. 
products of, 59. 


Wilting coefficient, 137. 

Wire basket experiments, 240. 
Wood ashes, 3009. 

Work animals, feeding, 462. 


Xylose, 367. 
Yeast, 365. 


Zein, 400. 
Zeolites, 152. 
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